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Commissioner for Patents 
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Dear Sir: 
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I. Real Party In Interest 

The real party in interest is the assignee, Athera Biotechnologies, AB, Stockholm, 
Sweden. 

II. Related Appeals and Interferences 

There are no related appeals or interferences. 

III. Status of the Claims 

A copy of the appealed claims is attached as Appendix A. 

IV. Status of the Amendments 

No "after final" amendments have been presented. 

V. Summary of the Claimed Subject Matter 

Claim 1 , drawn to a method for diagnosing early cardiovascular disease, is supported in 
the specification as follows: (a) contacting a sample of body fluid with phosphocholine and/or a 
derivative thereof (Specification at paras. [0013-0014, 0016]), (b) assessing the presence and/or 
concentration of antibodies to phosphocholine and/or to said derivative in the sample by 
measuring antibodies bound to phosphocholine and/or derivative thereof (Specification at para. 
[0014]), and (c) diagnosing early cardiovascular disease based on the presence and/or 
concentration of said antibodies in the sample (Specification at para. [0004, 0013]). 
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VI. 



Grounds of Rejection to be Reviewed on Appeal 



1. Claims 1-13 as allegedly obvious over the claims of U.S. Patent 6,780,605 
(Exhibit 1) in view of Muzya et al. (Exhibit 2). 

2. Claims 14 and 16-26 as allegedly obvious over the claims of U.S. Patent 
6,780,605 (Exhibit 1) in view of Muzya et al. (Exhibit 2) and Baldo et al. (Exhibit 
3). 

3. Claims 1-3, 6-8, 11-14, 16, 17, 20-23 and 26 as allegedly obvious over Muzya et 
al. (Exhibit 2) in view of Ostermann et al. (Exhibit 4). 

4. Claims 4, 9, 1 8 and 24 as allegedly obvious over Muzya et al. (Exhibit 2) in view 
of Ostermann et al. (Exhibit 4) and Barquinero et al. (Exhibit 5). 

5. Claims 5, 10 19 and 25 as allegedly obvious over Muzya et al. (Exhibit 2) in view 
of Ostermann et al. (Exhibit 4) and Smal et al. (Exhibit 6). 

VII. Argument 

A. Standard of Review 

Findings of fact and conclusions of law by the U.S. Patent and Trademark Office must be 
made in accordance with the Administrative Procedure Act, 5 U.S.C. §706(A), (E), 1994. 
Dickinson v. Zurko, 527 U.S. 150, 158 (1999). Moreover, the Federal Circuit has held that 
findings of fact by the Board of Patent Appeals and Interferences must be supported by 
"substantial evidence" within the record. In re Gartside, 203 F.3d 1305, 1315 (Fed. Cir. 2000). 
In In re Gartside, the Federal Circuit stated that "the 'substantial evidence' standard asks 
whether a reasonable fact finder could have arrived at the agency's decision." Id. at 1312. 
Accordingly, it necessarily follows that an examiner's position on appeal must be supported by 
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"substantial evidence" within the record in order to be upheld by the Board of Patent Appeals 
and Interferences. 

B. Rejections for A lleged Obviousness- Type Do uble-Patentin g 

Claims 1-14 and 16-26 are rejected as allegedly obvious over the claims of the '605 
patent, optionally taken with Muzya et al. Though traversing, appellants previously submitted a 
terminal disclaimer to address these rejections. However, the office action of March 3, 2007 
indicates that the terminal disclaimer was not accepted, but no indication has been provided as to 
why the terminal disclaimer was deemed deficient. In the absence of such an explanation, 
appellants are at a loss to respond further other than to state that they remain willing to file the 
terminal disclaimer to obviate the rejection. 

C. Rejections Under 35 U.S. C. §103 

(i) Claims 1-3, 6-8, 11-14, 16, 17, 20-23 and 26 as allegedly obvious over 
Muzya et al. in view of Ostermann et al. 

Claims 1-3, 6-8, 1 1-14, 16, 17, 20-23 and 26 are rejected as obvious over Muzya et al. in 

view of Ostermann et al. Muzya is cited as teaching that antibodies binding to PAF also bind to 

lyso-PAF and acyl analogs of PAF, and Ostermann is cited as teaching PAF quantification in 

serum and plasma as well as correlation/diagnosis with atherosclerosis. From this, the examiner 

concludes that "it would have been obvious ... to measure PAF concentrations in serum and 

plasma [of] patients with cardiovascular disease such as atherosclerosis . . . because Ostermann et 

al. teach the critical role of PAF in myocardial infarction/atherosclerosis and its accuracy of 

correctly classifying subjects" (emphasis added). Once again, the examiner has (a) failed to 

recognize that she is advancing a rejection against a claim that is not pending, (b) failed to 

correctly interpret the Ostermann reference, and (c) failed to recognize that Muzya and 
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Ostermann are examining different things, and thus the conclusions drawn in one reference 
cannot be readily extrapolated to the other. 

Claim 1 is drawn to "A method for diagnosing early cardiovascular disease comprising 
(a) contacting a sample of body fluid with phosphocholine and/or a derivative thereof, (b) 
assessing the presence and/or concentration of antibodies to phosphocholine and/or to said 
derivative in the sample by measuring antibodies bound to phosphocholine and/or derivative 
thereof, and (c) diagnosing early cardiovascular disease based on the presence and/or 
concentration of said antibodies in the sample." Thus, appellants first wish to make it clear that 
they are not examining PAF content in serum or plasma. Rather, they are examining 
antibodies to PAF or PAF derivatives. Thus, the examiner's quoted statement above regarding 
the obviousness of measuring "PAF concentrations in serum and plasma" is completely off the 
mark for the simple reason that appellants don't measure PAF. For this reason alone, the 
rejection should be reversed. 

As discussed above, like the present invention Muzya examines anti-PAF antibodies. 
However, it has no further relevance with respect to present claim 1 as it only it addresses 
gynecologic disorders. Thus, as a primary reference, this paper does little more than show that 
(a) anti-PAF antibodies do exist, and (b) that there might be some relationship between anti- 
phospholipid antibodies and anti-PAF antibodies. Yet as the examiner clearly recognizes, there 
is nothing in this paper to link anti-PAF antibodies to early cardiovascular disease (CVD). 

Turning to Ostermann, the examiner has again apparently missed the key fact that this 
paper addresses an apparent correlation between the activity of a PAF acetylhydrolase activity 
and atherosclerosis, but says nothing about PAF levels, and nothing about anti-PAF antibody 
levels in subjects. More troubling is the fact that the examiner actually argues that "Ostermann 
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et al. teach PAF quantification in serum and plasma citing to the abstract and page 531, 
para. 2, of the paper. This false statement persists despite the fact that appellants' representative 
went over this very point during the interview held on November 15, 2006, and again in the 
previous response. 

Thus, at the sake of belaboring the point, it is again pointed out that what is measured in 
Ostermann is PAF acetylhydrolase activity, and not PAF levels. This is readily observed by 
reading the same page 531, para. 2, cited by the examiner: "The degradation of PAF in serum 
was measured under standard conditions by a method similar to that described by BLANK et al. 
[4], 50 jlxI serum dilution (1:19) were added to 0.5 ml of 1 1 uM 14 C-PAF Thus, the PAF 
was added to the serum to assay for PAF aceytlhydrolase activity, and was not part of the 
serum obtained from the subjects. Thus, Ostermann says nothing about PAF levels, and it's 
conclusions about atherosclerosis are thus moot. 1 

In sum, appellants submit that the cited references fail to render obvious the claimed 
invention for reasons already made of record - that Muzya deals with gynecologic orders, not 
CVD, and Ostermann deals with PAF acetylhydrolase levels, and not PAF levels. 2 For these 
reasons, reversal of the rejection is respectfully requested. 

(ii) Claims 4, 9, 18 and 24 as allegedly obvious over Muzya et al. in view of 
Ostermann et al. and Barquinero et al. 

Claims 4, 9, 18 and 24 are rejected as obvious over Muzya et al. in view of Ostermann et 

al. and Barquinero et al. The primary and secondary references are cited as above, and 

' Fortunately, the examiner has not argued that increased PAF acetylhydrolase would increase PAF levels - indeed, 
if an increase in PAF acetylhydrolase activity exists with atherosclerosis, one would expect a drop in anti-PAF 
levels. 

2 Abstract statements that appellants cannot argue the references separately are of no help in clarifying the record. 
The deficiencies of the references by definition must be addressed individually. 
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Barquinero is merely cited for teaching ELISA's. However, as set forth in detail above, the 
primary and secondary references fail to establish the obviousness of using anti-PAF antibody 
levels to diagnose early CVD. Barquinero, whatever it might offer with regard to ELISA 
formats, cannot rescue the deficiencies of the other references given that it is directed to 
examining autoimmune disease, and not CVD. Thus, for the reasons given above, the rejection 
is improper and should be reversed as well. 

(Hi) Claims 5, 10 19 and 25 as allegedly obvious over Muzya et al. in view 
of Ostermann et al. and Smal et al. 

Claims 5, 10, 19 and 25 are rejected as obvious over Muzya et al. in view of Ostermann 

et al. and Smal et al. The primary and secondary references are cited as above, and Smal is 

merely cited for teaching radioimmunoassay's. However, as set forth in detail above, the 

primary and secondary references fail to establish the obviousness of using anti-PAF antibody 

levels to diagnose early CVD. Smal, whatever it might offer with regard to radioimmunoassay 

formats, cannot rescue the deficiencies of the other references given that it is directed to 

examining autoimmune disease, and not CVD. Thus, for the reasons given above, the rejection 

is improper and should be reversed as well. 
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D. Conclusion 

In light of the foregoing, appellants respectfully submit that all pending claims are 
enabled and non-obvious over the cited art. Therefore, it is respectfully requested that the Board 
reverse each of the pending rejections. 



Fulbright & Jaworski L.L.P. 
600 Congress Ave., Suite 2400 
Austin TX 78701 
512-474-5201 

Date: September 12. 2007 




). 37,642 



lly submitted, 



[ighlander 



25810058.1 



VIII. APPENDIX A - APPEALED CLAIMS 



1 . A method for diagnosing early cardiovascular disease comprising (a) contacting a sample 
of body fluid with phosphocholine and/or a derivative thereof, (b) assessing the presence 
and/or concentration of antibodies to phosphocholine and/or to said derivative in the 
sample by measuring antibodies bound to phosphocholine and/or derivative thereof, and 
(c) diagnosing early cardiovascular disease based on the presence and/or concentration of 
said antibodies in the sample. 

2. The method of claim 1, wherein said early cardiovascular disease comprises 
atherosclerosis, hypertension or thrombosis. 

3. The method of claim 2, wherein measuring comprises an immunoassay. 

4. The method of claim 2, wherein measuring comprises an enzyme linked immunosorbent 
assay. 

5. The method of claim 2, wherein measuring comprises a radioimmunoassay. 

6. The method of claim 2, wherein said body fluid is serum prepared from a blood sample. 

7. The method of claim 2, wherein said body fluid is plasma prepared from a blood sample. 

8. The method of claim 1, wherein measuring comprises an immunoassay. 

9. The method of claim 1 , wherein measuring comprises an enzyme linked immunosorbent 
assay. 

1 0. The method of claim 1 , wherein measuring comprises a radioimmunoassay. 

1 1 . The method of claim 1 , wherein said body fluid is serum prepared from a blood sample. 

12. The method of claim 1, wherein said body fluid is plasma prepared from a blood sample. 

13. The method of claim 1, wherein said body fluid is a human blood sample or fraction 
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thereof, and said measuring comprises an immunoassay. 

14. The method of claim 2, wherein said derivative is lysophosphatidylcholine. 

16. The method of claim 1 , wherein said derivative is lysophosphatidylcholine. 

17. The method of claim 3, wherein said derivative is lysophosphatidylcholine. 

18. The method of claim 4, wherein said derivative is lysophosphatidylcholine. 

19. The method of claim 5, wherein said derivative is lysophosphatidylcholine. 

20. The method of claim 6, wherein said derivative is lysophosphatidylcholine. 

21. The method of claim 1, wherein said body fluid is contacted with phosphochline. 

22. The method of claim 2, wherein said body fluid is contacted with phosphochline. 

23. The method of claim 3, wherein said body fluid is contacted with phosphochline. 

24. The method of claim 4, wherein said body fluid is contacted with phosphochline. 

25. The method of claim 5, wherein said body fluid is contacted with phosphochline. 

26. The method of claim 6, wherein said body fluid is contacted with phosphochline. 
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IX. APPENDIX B - EVIDENCE CITED 

Exhibit 1 - U.S. Patent 6,780,605 
Exhibit 2 - Muzya et al. 
Exhibit 3 - Baldo et al. 
Exhibit 4 - Ostermann et al. 
Exhibit 5 - Barquinero et al. 
Exhibit 6 - Smal et al. 
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X. APPENDIX C - RELATED PROCEEDINGS 

None 
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EXHIBIT 1 
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US006780605B1 

(12) United States Patent ( i 0 ) Patent No.: us 6,780,605 bi 

Frostegard (45) Date of Patent: Aug. 24, 2004 



(54) METHOD OF DIAGNOSING 

CARDIOVASCULAR DISEASE AND EARLY 
ATHEROSCLEROSIS 

(75) Inventor: Johan Frostegard, Nacka (SE) 

(73) Assignee: Athera Biotechnologies AB, Stockholm 
(SE) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. 

(21) Appl. No.: 09/720,967 

(22) PCT Filed: Jul. 2, 1999 

(86) PCT No.: PCT/SE9 9/01208 
§371 (c)(1), 

(2), (4) Date: Apr. 6, 2001 

(87) PCT Pub. No.: WO00/02046 
PCT Pub. Date: Jan. 13, 2000 

(30) Foreign Application Priority Data 

Jul. 3, 1998 (SE) 9802402 

(51) Int. CI. 7 G01N 33/567; G01N 33/53 

(52) U.S. CI 435/7.21; 436/501; 436/512; 

436/518; 435/7.1; 435/7.94; 435/7.93; 435/287.1; 

435/7.9 

(58) Field of Search 436/86, 89, 155, 

436/161, 174, 811, 501, 512, 518; 435/5, 
6, 7.1, 7.21, 7.94, 7.93, 7.9, 287.1, 288, 
289.1, 291, 817 

(56) References Cited 
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Baldo et al. "A specific, sensitive, and high capacity immu- 
noassay for PAR", Lipids, vol. 26, No. 12, 1991, pp 
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(57) ABSTRACT 

The present invention provides a method of diagnosing 
cardiovascular disease and increased risk of early athero- 
sclerosis in a human wherein the presence and/or concen- 
tration of antibodies to platelet activating factor (PAF) in a 
sample of body fluid of said human is assessed. The present 
invention further provides a kit carrying out said method. 

12 Claims, No Drawings 
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and claiming priority from Swedish application 9802409-9 
filed Jul. 3, 1998. 
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FIELDS OF THE INVENTION 

The present invention relates generally to methods for 
identifying patients who have cardiovascular disease and 
increased risk of developing atherosclerosis. More 
particularly, the invention relates to the detection of IgG 15 
antibodies to platelet activating factor (PAF) in body fluids 
of patients. The present inventors have shown that elevated 
concentrations of antibodies to PAF in body fluids is corre- 
lated to borderline hypertension and metabolic syndrome, 
i.e. early cardiovascular disease, which is connected to 20 
increased risk of developing early atherosclerosis. 

BACKGROUND OF THE INVENTION 
The morbidity and mortality associated with cardiovas- 25 
cular diseases and atherosclerosis in developed countries is 
higher than that associated with any other disorder. Hyper- 
tension is, together with hyperlipidemia, the most prominent 
risk factor for atherosclerosis. Individuals with borderline 
hypertension are an example of early cardiovascular disease 3Q 
in general, with endothelial dysfunction and increased risk 
of atherosclerotic disease, in apparently healthy individuals. 
Early atherosclerosis manifests itself in the form of choles- 
terol depositions in the arterial wall. During recent years, it 
has been convincingly shown that the atherosclerotic pro- 35 
cess is a chronic inflammation, characterized by presence of 
activated T cells and monocytes/macrophages. Many of 
these macrophages have developed into cholesterol-filled 
foam cells. The deposition is slow and starts at an early age. 
Clinical symptoms may take years to manifest themselves 40 
and are very serious; they include coronary heart disease and 
stroke. Generally, the disease process will have begun long 
before these clinical manifestations appear. There are avail- 
able a number of genetic analysis screening for patients with 
pre-deposition for atherosclerosis. But it is desirable to have 45 
available a diagnostic technique which provides an early 
warning of the onset of the deposition. The importance of 
early detection is stressed by the fact that an effective 
long-term treatment is possible. The present techniques for 
diagnosing atherosclerosis depend on measuring cholesterol 50 
or triglycerid levels in serum or detection of atheromatous 
lesions, but by the time of detection, the most effective time 
for treatment has been passed. U.S. Pat. No. 5,731,208 
discloses a screening test for atherosclerosis comprising 
determining the concentration of p-hydroxyphenylaldehyde- 55 
lysine in serum or plasma. 

The present inventors have found that elevated concen- 
trations of IgG antibodies to platelet activating factor (PAF) 
in patients are an indicator of cardiovascular diseases which 
is often accompanied by early atherosclerosis. More , 
specifically, antibodies to PAF (aPAF) are associated with 
early vascular disease in the form of both borderline hyper- 
tension and the metabolic syndrome, both of which are 
strong risk factors for later stages of atherosclerosis, which 
give rise to clinical symptoms. , 

These results demonstrate that antibodies against PAF 
represent a novel category of anti-phospholipid antibodies 



(aPL), which are sensitive to early vascular dysfunction and 
disease, especially early atherosclerosis and hypertension. 

aPL in general, especially against cardiolipin have been 
shown to predict risk of cardiovascular disease, also in 
autoimmune diseases like systemic lupus erythematosus 
(SLE) and our data thus indicate that antibodies against PAF 
is a novel category of aPL, with a potential as a marker also 
in other autoimmune conditions in addition to cardiovascu- 
lar disease and atherosclerosis in general. aPL have been 
1 related to both arterial and venous thrombosis, and also to 
spontaneous abortion. These data indicate that antibodies to 
PAF were much more strongly associated with spontaneous 
abortion than aPL, and furthermore, that antibodies to PAF 
was a novel marker for disease activity in SLE. 

Antibodies to PAF are therefore relevant also in these 
other autoimmune vascular-related diseases. 

Also antibodies to PAF-like lipids are relevant in this 
context, one being ^phosphatidylcholine, where the 
results indicate a comparable profile as the one obtained by 
PAF antibodies. 

Accordingly, it is a principal object of the present inven- 
tion to provide a diagnostic method or screening test for 
early atherosclerosis or cardiovascular changes related to 
early atherosclerosis. It is yet an other object of the invention 
to provide a kit for assaying the concentrations of aPAF for 
diagnosing early atherosclerosis or cardiovascular changes. 

"Early atherosclerosis" as used herein refers to the very 
first stage of atherosclerosis, before the clinical onset of 
symptoms. "Early cardiovascular disease" as used herein 
refers to the first stages of cardiovascular disease, as in 
borderline hypertension and the metabolic syndrome, when 
atherosclerosis is yet not easy to detect by other methods and 
has not given rise to disease. 

Platelet activating factor (PAF) is a phospholipid inflam- 
matory mediator that is synthesized by a variety of cells, 
including monocytes and endothelial cells. During oxidation 
of LDL, PAF-like lipids are produced. PAF may therefore be 
of importance in pathological processes in the vascular wall 
like atherosclerosis and hypertension. In a previous report, 
the existence of antibodies to PAF (aPAF) were described in 
individuals with phospholipid antibody syndrome 
(Barquinero et al., 1994.), but nothing has been reported 
about possible clinical implications of these antibodies and 
a putative role in cardiovascular disease. 

DISCLOSURE OF THE INVENTION 
As mentioned above, we have surprisingly shown that 
concentration of antibodies to PAF (APAF) is an effective 
indicator of early cardiovascular disease. We have found that 
antibodies to this particular antigen develop in patients well 
before the clinical onset of atherosclerosis. 

In our study we found that concentration of APAF was 
49.3% higher in borderline hypertension men than in nor- 
motensive men the. When defining APAF concentrations 
above mean concentration of control plus two standard 
deviations (i.e. 0.144+(2x0. 109)=0.362 OD405) as positive, 
15 men out of 73 were positive in the borderline hyperten- 
sion group whereas only 3 men out of 73 were positive in the 
normotensive group. Antibodies to PAF as a marker for early 
atherosclerosis may be combined with additional and alter- 
native markers for early atherosclerosis to improve the 
accuracy of the diagnosis, such as determining the concen- 
trations of cholesterol, blood lipids or 
p-hydroxyphenylaldehyde-lysine. 

Antibodies against PAF (aPAF) may be determined using 
any of the methods and techniques conventional in the art for 
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such determination. Conveniently, such a method may com- taken after 5 minutes rest in the supine position. Systolic and 
prise immunoassay e.g. EL1SA or RIA. The immunoassay diastolic blood pressure measurements were defined accord- 



will conveniently use an antigen (PAF) in immobilized form, ing to Korotkoff I and V. The same specially trained n 

e.g. on microtitre plates, membranes or beads, to isolate the performed the measurements on all occasions, 

target aPAF. In a sandwich assay, the bound antigen may be 5 The right and left carotid arteries were examined with a 

labelled using additional soluble antibody, which may be duplex scanner (Acuson 128XP/5, Mountain View, Calif., 

monoclonal or polyclonal and which may either carry a label USA) using a 7.0 MHz linear array transducer. The subjects 

or, more conveniently, may itself be labelled subsequently were investigated in the supine position and intima-media 

by reaction with a secondary antibody carrying a label. 0" M ) thickness was determined in the far wall as the 

Suitable labels include radionucleides, fluorescent jo distance between the leading edge of the lumen-intima echo 

substances, and enzymes and the leading edge of the media-adventitia's echo. Plaque 

Alternatively, a competitive binding assay may be used. Z^'t "mo^e^t't^ * 

Conveniently, the components needed to perform the immu- ^.^^T^uf 1 ^ wis 

noassay will be supplied in kit form. Such a kit would scored as presenl or absent p, aque was screened fof ^ ^ 

comprise. is common; inlerna i and external carotid arteries on both sides, 

a) an antigen capable of binding to aPAF and, optionally; as described earlier (Lemne et al 1995). 

a labelled sample of antigen to a PAF or a fragment All patients were weighed without other clothing than 

thereof; underwear, using the same scale (Delta 707, SECA, 

said antigen (a) in non-immobilised form; 2 o German y)- Length was measured with a special ruler, fixed 

a labelled secondary antibody specific to said antigen (c) t0 lhe walL Waist cira ™ference was measured at the level 

The body fluid on which the determination is performed ° f the umb,hcus and the hips were measured at the level of 

may be any body fluid in which APAF may be located but lhe greatest Clra ™ference. Body mass index (BMI) was 

conveniently will be or serum or plasma. In some cases it subsequently calculated as weight in kilograms/(height in 

may be convenient to extract the antibodies, or otherwise 25 meters ) 

treat the sample prior to determination. '§ G antibodies to PAF were determined according to 

The invention will now be described in greater detail by Example 2. PAF (l-0-alkyI-2-acetyl-sn-glycero-3- 

reference to the following non-limiting examples: phosphochohne) was obtained from Sigma, St Louis, USA. 

Lipid and lipoprotein levels were determined by a com- 

EXAMPLE 1 3Q bination of preparative ultracentrifugation followed by lipid 

Determination of concentration of PAF antibodies of early ana ly ses >n the lipoprotein fractions as previously described 

atherosclerosis patients and of normal patients. (Lemne et al 1995). 

In order to investigate the role of aPAF in borderline Venous blood samples for determination of plasma insulin 

hypertension (BUT) and early atherosclerosis, we studied a (R ad '0-Immuno Assay, Kabi Pharmacia, Sweden) were 

group of 146 middle aged men, where borderline hyperten- 35 laken ' 

sion were compared with age-matched controls. We here Serum immunoglobulins, IgG, IgM and IgA were deter- 

report that serum aPAF titers are enhanced in patients with mined as described (Frostegard et al, Hypertension 1997) 

borderline hypertension and metabolic syndrome. Variables were tested for skewness. For skewed variables 

Patients were recruited from a population screening pro- non-parametric tests were used for comparisons between the 

gram as previously described (Lemne et al 1995). BHT was 40 groups ( Ma nn-Whitney U-test), whereas Student's t-test was 

defined as diastolic blood pressure (DBP) of 85 to 94 used for norman y distributed variables. Spearman rank 

mmHg, and the screening identified 81 men who remained correlation coefficients were calculated to estimate interre- 

within the range for borderline hypertension during repeated Iatl0ns between antibody levels, metabolic variables and 

measurements over a three year period From the same blood P re ssure levels. The significance level was put at 

population 80 age matched controls were recruited, whose 45 P <005 - Values in tne text are given as mea n i standard 

blood pressure was measured on two occasions a few weeks deviation (SD) as indicated, 

apart, and was <80 mmHg on both occasions. Results 

Of the 81 men with BHT and the 80 NT controls who ^asc rl^'i ° f 'n StUdy g ,°T- ™ 

completed all procedures of the present study. (±10/±2) mmHg in v (he B j^ T grol f p Jhe ^ groups ^ 

None of the subjects had any other illnesses or were well-matched for age. The BHT men had a significantly 

regularly using any drugs known to influence blood altered metabolic profile with fasting hyperinsulineamia and 

pressure, metabolic or inflammatory variables. dyslipoproteineamia, as previously presented (Table I). In 

All subjects were investigated according to the same 55 the BHT group 26% of the subjects had plaque on one or 

schedule. Both BHT and NT controls were investigated both sides while and the corresponding figure for the NT 

simultaneously when possible and no more than 4 weeks grou P was 16% ( 19 vs 10 subjects, n.s.). 

apart. Blood samples for analyses of metabolic and inflam- In tne mate « a l as a whole, the APAF levels were signifi- 

matory variables were taken between 8 and 9:30 a.m., after cantly hlgher m the BHT grou P' compared with the NT 

8 to 12 hours of fasting. All samples were drawn after 15 60 F? Up (T ^ le & P 6 ?^ 5 n ° difference in alysoPAF levels 

minutes of rest in the supine position. be !T een the and ^7 grou P ff 

There were no significant differences in APAF levels 



An identical procedure was followed at each occasion 



between individuals with plaque (n=29) compared to indi- 



during the entire recruitment period. All blood pressure viduals without (n=n7) . data not shown) 

measurements were performed with a mercury sphygmoma- if va i ues above 2SD in the control group were defined as 

nometer. The cuff was adjusted according to the circumfer- 65 positive, 21% in the BHT group and 4% in the NT group had 

ence of the arm and placed at the level of the heart. Blood increased APAF levels. Age did not correlate with antibody 

pressure was recorded as the mean of two measurements levels (data not shown). 
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To exclude the possibility that differences in antibody 
levels simply reflected enhanced total antibody levels total 
IgG was determined. There was no difference between the 
BHT group and controls (data not shown). 

In the material as a whole, and the two groups separately 
there were no significant correlations between APAF and 
BMI, blood pressure levels, or smoking (data not shown). 

However, individuals with the metabolic syndrome 
(defined as having at least two of the following three 
conditions: BMI>27 kg/m 2 , insulin levels above the 90"' 
percentile of the normal population, dyslipoproteineamia) 2 
had higher APAF levels than those without (0.222±0.167 
versus 0.169±0.106; p=0.0009). 

Taken together, individuals with early cardiovascular 
disease, as in borderline hypertension, had 5 times higher 
risk of being positive for aPAF than those without. 1 

TABLE I 



NT (n = 73) BHT (n = 73) 



Current smokers, % 
Cholesterol (mmol/1) 



VLDL 

Insulin (mll/l) 



0.92 (±0.05) 0.022 



1.57 (±0.77) 
1.0 (±0.68) 
17.4 (±5.7) 



Values are given as mean +SD. Group differences, were 
determined by Student's t-test or Mann-Whitney's U-test 
(skewed variables). HDL=high density lipoprotein, VLDL= 
very low density lipoprotein. 



TABLE II 



Antibody levels to PAF in subjecl 



ut BHT or metabolic 



Values are given as mean ±SD. Group differences were 
determined by Student's t-test. aPAF=antibody levels to 45 
platelet activating factor. 

EXAMPLE 2 



Method of determining the amount of antibodies to PAF 
(aPAF) in a serum sample. 50 

IgG antibodies to PAF and lysoPAF were determined by 
an enzyme-linked immunsorbent assay (ELISA) essentially 
as described when phospholipid antibodies including car- 
diolipin are analysed (Harris 1986). Titertek® 96-well poly- 
vinylchloride microplates (Flow Laboratories, Costa Mesa, 55 
Calif. USA) were coated with 50 /d/well of 50 jug/ml PAF 
dissolved in ethanol and allowed to dry overnight at 4° C. 
Blocking was accomplished with 20% ABS-PBS for two 
hours. 50 fil of serum samples, diluted 1:50 in 20% ABS- 
PBS were added to each well. Control assay were performed 60 

in the absence of PAF. concentration of said antibodies to PAF in 

After 3 washings with PBS the plates were incubated with from a blood sample. 
50 /d/ml of alkaline phosphatase-conjugated goat anti- 12. The method of claim 1 wherein said sample of body 
human IgG (Sigma A-3 150) diluted 1 :9000 with PBS at 37° fluid is a human blood sample or fraction thereof, and said 
C. for 2 hours. After 3 washings, 100 jA of substrate 65 measurement is by immunoassay, 
(phosphatase substrate tablets, Sigma 104; 5 mg in 5 ml 

diethanolamine buffer, pH 9.8) was added. The plates were ***** 



incubated in room temperature for 30 minutes and read in an 
ELISA Multiskan Plus spectrophotometer at 405 nm. Each 
determination was done in triplicate. The coefficient of 
variation between triplicate test was less than 5%. 
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What is claimed is: 

1. A method for diagnosing cardiovascular disease, com- 
prising 

providing contact between a sample of body fluid and an 
J antigen capable of binding to an antibody to platelet 

activating factor (PAF), 
assessing the presences and/or concentration of antibodies 
to in the sample of body fluid, and 
3J evaluating said presences and/or concentration of anti- 
bodies to in the sample of body fluid as an indicator of 
cardiovascular disease. 

2. The method of claim 1, wherein said diagnosis of a 
cardiovascular disease comprises a diagnosis of early 

4Q atherosclerosis, hypertension or thrombosis. 

3. The method of claim 2 comprising measuring said 
antibodies to PAF by immunoassay. 

4. The method of claim 2 comprising measuring said 
antibodies to PAF by an enzyme linked immunosorbent 
assay. 

5. The method of claim 2 comprising measuring said 
antibodies to PAF by radioimmunoassay. 

6. The method of claim 2 comprising measuring the 
concentration of said antibodies to PAF in serum prepared 
from a blood sample. 

7. The method of claim 2 comprising measuring the 
concentration of said antibodies to PAF in plasma prepared 
from a blood sample. 

8. The method of claim 1 comprising measuring said 
antibodies to PAF by immunoassay. 

9. The method of claim 1 comprising measuring said 
antibodies to PAF by an enzyme linked immunosorbent 
assay. 

10. The method of claim 1 comprising measuring the 
concentration of said antibodies in serum prepared from a 
blood sample. 

11. The method of claim 1 comprising measuring the 
prepared 
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Reaction of antiphosphatidylcholine antibodies with thrombocyte-activating phospholipid factor 
and its structural cellular analogues -»"^ 



The high proportion of antiphospholipid antibodies to membrane phospholipids is often 
associated with obstetrical pathology; this includes recurrent foetal loss, intrauterine growth 
retardation, hypertension in pregnancy, preeclampsia and thromboembolic complications [15]. 
In such cases, the blood serum of patients contains antibodies to the main cellular phospholipids 
such as'cardiolipin, phosphatidylserine, phosphatidylinositol, phosphatidylethanolamine, 
sphyngomyelin and phosphatidylcholine [10]. Study of the specific mechanisms of 
antiphospholipid antibody participation in the development of the pathology of pregnancy 
continues [14, 15]. It has been suggested that the rise observed in pregnancy in the level of 
phospholipids in the blood due to an increase in their anabolism, the deportation of 
syncytiotrophoblast microvilli and the release of phospholipid vesicles by the placenta stimulate 
the production of antiphospholipid antibodies [10]. 

Antiphospholipid antibodies (aPL) are apparently reactive not only with 'excess' phospholipids 
in the blood serum but also with lipoproteins and cells containing phospholipid antigen 
determinants on the cell surface [14]. 

It is known that given the correct stimulus virtually all cells in mammals will release a universal 
phospholipid bioregulator, platelet-activating factor (PAF) [3] and its choline-containing cellular 
analogues - acyl and plasmalogen [4]. Phospholipid PAF is involved in the regulation of the 
blood clotting system, the cardio-vascular system and the immune system and is a mediator of 
inflammation with a range of etiologies, of allergic reactions and many other pathophysiological 
processes. PAF plays a major role in mammalian reproduction, with an effect on virtually all 
stages of the reproductive process, from functional development of the gametes, fertilisation and 
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embryo implantation to childbirth [6]. Since PAF is in terms of its chemical structure a choline- 
containing phospholipid, it may be expected that aPL antibodies and aPC antibodies in 
particular would be reactive with PAF and its structural analogues, with an effect on their 
biological activity. 

The aim of this study was to investigate the reaction of blood serum containing 
antiphosphatidylcholine antibodies with PAF and its structural analogues. 

Research method 

Preparations of highly purified phospholipids of the following structure were used in the 
research project. 



1) phosphatidylcholine: Rl is C16:0 and C18:0 fatty acid residues; R2 is CI 8:1 andC!8:2 fatty acid residues 

2) ^phosphatidylcholine: Rl is C16:0 and C18.0 fatty acid residues; R2 is H 

3) phospholipid PAF: Rl is (CH2)15,17CH3; R2 is CH3CO; 

4) PAF lysoderivative (lyso-PAF): Rl is (CH2)15, 17CH3; R2 is H 

5) acyl analogue of PAF (1-acyl-PAF): Rl is CI 6:0 and CI 8.0 fatty acid residues; R2 is CH3CO. 

Phosphatidylcholine is separated from egg yolks by the usual method [1]. 
Lysophosphatidylcholine (l-acyllysoglycero-3-phosphocholine) was obtained by cleaving egg 
phosphatidylcholine with phospholipase A2 and purified by column chromatography in L 
100/160 urn silica gel [1]. l-0-alkyllyso-i«-glycero-3-phosphocholine (lyso-PAF) was obtained 
by hydrogenating bovine heart choline plasmalogens, followed by alkaline hydrolysis as 
described earlier [1]. Phospholipid PAF was obtained by acetylating l-O-alkyIlyso-sn-gIycero-3- 
phosphocholine with acetic anhydride in a chloroform medium and purifying by column 
chromatography in L 100/160 urn silica gel [2], The PAF acyl analogue (l-acyl-2-acetyl-.577- 
glycero-3-phosphocholine) was obtained by acetylating the lysophophatidylcholine with acetic 
anhydride in a chloroform medium and purifying by column chromatography in L 100/160 urn 
silica gel [7]. 



R2-0-( 




Murine monoclonal antibodies to human immunoglobulins (IgM, IgG), labelled horseradish 
peroxidase (Institute of Virus Preparations, Moscow), gelatine (N.A. Semashko 
Moskhimpharmpreparat), o-phenylendiamine (Sigma), hydrogen peroxide (Reakhim) and 
polystyrene microplates manufactured by GosNIIMedpolimer (Moscow) were used for the 
enzyme immunoassay (EIA). Blood serum samples taken in the Scientific Centre of Obstetrics, 
Gynaecology and perinatology of the Russian Academy of Medical Sciences from patients with 
recurrent foetal loss, late toxicosis in pregnancy, history of perinatal foetal death, infertility and 
unsuccessful attempts at in vitro fertilisation and embryo transfer. 

EIA was used to study the manner in which aPL antibodies bind with PAF and its structural 
analogues. Highly purified phospholipids (phosphatidylcholine, PAF, lyso-PAF, 1-acyl-PAF, 
lysophosphatidylcholine) were dissolved in a 50 ug/ml methanol concentration. The resultant 
phospholipid solutions were placed onto polystyrene microplates in quantities of 50 urn per well 
and incubated at 37°C for 18 ± 2 hrs. After each stage of the assay the plates were washed 4 
times with 0.01 M phosphate buffer solution (pH 7.4 ± 0.2). After adsorption of the 
phospholipids the wells were treated with a 0.5% gelatine solution, 100 urn per well, at 20 ± 2 
°C for 1.5 hr. A phosphate buffer solution containing 0.5% gelatine was used for cultivating the 
test samples of blood serum and conjugates. 75 ul assay samples of blood serum cultivated in a 
1 :50 proportion were inserted per well and incubated at 20 ± 2 °C in an agitator for 1 .5 hr. 
Conjugates of murine monoclonal antibodies, with horseradish peroxidase, to human IgM and 
IgG, in 1:100000 and 1:50000 proportions respectively, were placed in the wells in amounts of 
50 ul per well and incubated at 20 ± 2 °C in an agitator for 1 hr. After washing, a chromogen 
substrate solution containing o-phenylendiamine and hydrogen peroxide was added to the wells 
and the optical density (OD) was measured after 10 minutes at 492 nm using a Labsy stems 
Multiscan MCC/340 photometer. The results of the assay were considered positive if the 
average OD of the assay sample was greater than the total of the average OD for the negative 
controls and two average mean square deviations. 

Results and Discussion 

To study the way antiphosphatidylcholine (aPC) antibodies bind with phospholipid PAF and its 
structural analogues, blood serum containing IgM, or IgM and IgG phosphatidylcholine 
antibodies was taken from patients presenting with obstetric and gynaecological pathologies. In 



the case of the patient with late toxicity in pregnancy the IgG level was relatively higher than the 
IgM level, while in the other cases the IgM level was higher. 



The EIA results indicated that serums containing IgM and IgG aPC antibodies react in vitro with 
the PAF and its analogues adsorbed onto the polystyrene plates. In addition, the linking of IgM 
antibodies with phosphatidylcholine was approximately 1.5-2 times higher than with PAF, 
lyso-PAF and 1-acyl-PAF adsorbed under the same conditions, and 3 times higher than with 
^phosphatidylcholine (Table 1). No substantial differences were found in the degree of the 
reaction of aPC antibodies with PAF, lysoPAF and 1-acyl-PAF. The cross reaction typical for 
antiphospholipid antibodies had obviously occurred in this case. 



Level of IgM aPC antibodies in blood serum of patients with obstetric and gynaecological pathologies, and the 
binding with PAF and its structural analogues found from EIA 



Patient group 


Phospholipid tested 


Phosphatidyl- 
choline 


PAF 


Lyso-PAF 


1-acyl-PAF 


phosphatidyl- 


Patients with death of 
infant in neonatal 


0.580 ±0.035 


0.759 ±0.044 


0.387 ±0.023 


0.386 ±0.022 


0,268 ±0.015 


Patients with foetal 


0.320 ±0.016 


0.576 ±0.034 


0.243 ±0.014 


0.208 ±0.012 


0. 145 ±0.018 


Patients with late 
toxicosis in pregnancy 


0.400 ±0.024 


0.645 ±0.065 


0.293 ±0.017 


0.229 ±0.013 


0.378 ±0.022 


Patients with 
infertility 


0.541 ±0.031 


0.727 ±0.073 


0.410 ±0.024 


0.356 ±0.021 


0.268*0.016 


Healthy fertile women 


0.050 ±0.003 


0.126 ±0.007 


0.062 ±0.004 


0.051 ±0.003 


0.074 ± 0.004 



Note: In Tables 1 and 2 the values given are for average OD at 492 ni 



In the serum of patients with low levels of IgG aPC antibodies the differences in the way they 
bind with PAF and its analogues were slight (Table 2). However in the serum of the patient with 
late toxicosis in pregnancy a high level of IgG antibodies reactive with PAF and, significantly, 
to a lesser extent with its analogues w^s noted. It is not impossible that this patient had specifii 
antibodies to PAF. 





Table 2 

Level of IgG aPC antibodies in blood serum of patients with obstetric and gynaecological pathologies, and the 
binding with PAF and its structural analogues found from EIA 



Patient group 


Phospholipid tested 


Phosphatidyl- 
choline 


PAF 


Lyso-PAF 


1-acyl-PAF 


phosphatidyl- 


Patients with death of 
infant in neonatal 


0.189 ± 0.011 


0.227 ±0.013 


0.141 ±0.015 


0.098 ±0.006 


0.086 ±0.005 




0.1 26 ±0.008 


0.250 ±0.016 


0.127 ±0.009 


0.089 ±0.006 


0.076 ± 0.008 


Patients with late 
toxicosis in pregnancy 


0.574 ±0.034 


1.011 ±0.059 


0.152 ±0.010 


0.097 ±0.006 


0.149 ±0.009 


Patients with 
infertility 


0.085 ±0.005 


0.221 ±0.014 


0.1 14 ±0.007 


0.089 ±0.006 


0.050 ±0.003 


Healthy fertile women 


0.061 ±0.004 


0.134 ±0.008 


0.064 ±0.004 


0.057 ±0.004 


0.050 ±0.003 



It is known that the antibodies to PAF may be evoked in rabbits after the introduction of PAF 
preparations containing C6:0 and C:12 alkyl residues, and PAF analogues (l-0-(o>oxyalkyl)-2- 
acetyl-M-glycero-3-phosphocholine, l-0-(15'-carboxypentadecyl)-2-N, N-dimethylcarbamoyl- 
OT-glycero-3-phosphocholine), covalently linked to methylated BSA [8, 1 1, 17, 18]. The 
identified antibodies to PAF were highly specific and were not reactive with lyso-PAF, PAF 
enantiomer, PAF methoxy analogue, lysophosphatidylcholine, phosphatidylcholine or PAF 
analogues containing propionic or butyric acid residues at the sn-2 position [8,11,17], With the 
different molecular types of PAF containing C16:0, C18:0 and C18:l alkyl residues at the sn-\ 
position, there were some small variations in the bonding of the antibodies, and the greatest 
bonding of antibodies was observed in CI 8:1 PAF [8]. These results indicate that the high 
specificity of antibodies to PAF depends on the recognition of the acetyl group at the sn-2 
position and the trimethylammonium group of phosphocholine in the PAF molecule [17]. 

In contrast to the highly specific antibodies to PAF, aPC antibodies are not highly specific and 
are reactive with' other phospholipids. It has been shown that antibodies to phosphatidcholine 
can be evoked in experimental animals by introducing erythrocytes, an emulsion of dipalmitoyl 
phosphatidylcholine in BSA or phosphatodylcholine liposomes, and they can also be produced 
by hybridoma technology [9, 12, 13, 16, 19]. aPC antibodies are also capable of binding with 



lyso-phosphatidylcholine and sphyngomyelin [12], that is, they are capable of recognition of 
phosphocholine fragments of the polar part of phospholipids. 

The results of this study show that IgM and IgG aPC antibodies in blood serum from patients 
with obstetric and gynaecological pathologies are capable of binding in vitro with PAF and its 
structural analogues which differ from PAF in the type of bond at the sn-\ position: a simple 
ether bond in the case of PAF and an ester bond in the case of 1-acyl-PAF. 

What are implications of this observable reaction of aPC antibodies with PAF and its analogues 
in the pathogenesis of antiphospholipid syndrome (APS)? Thrombosis of the vessels of the 
placenta is thought to be the main mechanism in the development of obstetric pathology, with 
one of the causes of its occurrence being the major role played by the reaction of aPL antibodies 
with endothelial cells and thrombocytes [14]. It has been shown that the binding of aPL 
antibodies with endothelial cells leads to a reduction in the synthesis of prostacyclin, while their 
reaction with thrombocytes initiates the activation of thrombocytes and subsequent increase in 
the synthesis of thromboxane A2 and the release of adenosine diphosphate (ADP) [15], At the 
same time, due to the presence of anticardiolipin antibodies, the endothelial cells release PAF 
[6]. Thus the increased production by cells of proaggregating agents such as PAF, thromboxane 
A2 and ADP along with the reduction in the synthesis of prostacyclin can cause the formation of 
intravascular aggregates of thrombocytes. 

It is known that, in the blood circulation, PAF, released by cells binds with albumin and plasma 
lipoproteins [2] while free PAF is cleaved by acetylhydrolase associated with low density 
lipoproteins [5]. aPC antibodies can, apparently, bind with PAF in the microenvironment of 
cells actively producing PAF. It can be suggested that the formation of a compound with an 
antibody can inhibit the cleavage of PAF by acetylhydrolase. 

An another important implication of the reaction of aPC antibodies with PAF may be the 
disturbance of the process of fertilisation of oocytes by spermatozoids. It is known that PAF 
stimulates spermatozoid motility, the acrosome reaction, and the process of fertilisation and 
implantation of the embryo [6], Apparently aPC antibodies can significantly disturb these 
processes by removing PAF from the interaction of cells in the reproductive system. It is 
possible that unsuccessful attempts at in vitro fertilisation may be associated with a disturbance 
of the process of fertilisation and implantation of the embryo as a result of the binding of PAF 



with aPC antibodies. It is therefore possible to suggest new links between APS and disturbances 
of the fertilisation processes in humans. 



CONCLUSIONS 

1 . Antiphosphatidylcholine antibodies in the blood serum of patients with an obstetric and 
gynaecological pathology bind in vitro with phospholipid PAF, PAF lysine derivatives and PAF 
acyl analogues. 

2. Antiphosphatidylcholine antibodies bound with PAF and its structural cell analogues are 
likely to be associated with the presence of phosphocholine fragments in the structure of certain 
phosphoglycerides. 
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Trans notes: 

1. thrombocyte activating phospholipid factor. The literal translation has been used in the title, since it is 
a title. Elsewhere in the text the more usual English platelet activating factor, PAF, has been used. 

2. structural cellular analogues: this Russian term has been shortened to 'structural analogues' 
throughout the translation. 

3. Patient: in this text, the Russian uses the word 'female patient'. 

4. Phosphatidylinositol: This term has been used to translate the Russian 'phosphatidylinosite'. 

5. late toxicosis in pregnancy: the Russian term, 'OPG-gestoz', was introduced in 1987 for late toxicosis 
in pregnant women; the O G P stands for oedema, proteinuria and hypertension. 
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ANTIGENIC ANALOGUES Of PLATELET ACTIVATING FACTOR (PAF) 
Technical Field 



The present invention relates to novel antigens capable 
of producing antibodies to Platlet Activating Factor 
5 (PAF) , novel PAF analogues labelled to enable 

quantitative assay, intermediates for the production of 
novel PAF antigens and methods for the preparation of 
said antigens, and methods of immunoassay of PAF in 
biological fluid using said labelled analogues and/or 
10 labelled PAF-antibodies. 

Background 

Platelet Activating Factor (PAF) , 
15 l-0-alkyl-2-S-acetyl-§B-glycero-3-phosphocholine, 
represents a recently defined example of a class of 
biologically-active lipids active in the subnanomolar 
range and possessing a wide spectrum of 
pathophysiological effects, PAF promotes life 
20 -threatening anaphylactic reactions in animals and is 
suspected of mediating a range of allergic and 
inflammatory reactions in man. For example, PAF may be 
important in conditions such as asthna, adult respiratory 
distress syndrome and shock reactions. However, despite 
25 the increasing catalogue of conditions in which PAF maybe 
involved, greater insights into its role in health and 
disease are hampered because precise and specific methods 



for its measurement are lacking. The capacity of PAF to 
aggregate platelets does not provide a suitable basis for 
strictly quantitative assay. 

It would be desirable to develop an immuno- 
5 assay for quantitative determination of PAF levels in 
blood serum. However, it has been found that PAF itself 
is insufficiently antigenic to produce the necessary 
PAF-antibodies needed for such an immunoassay. 
Novel synthetic PAF analogues have now been 
10 found which are sufficiently antigenic to produce PAF- 
antibodies and a method suitable for the immunoassay of 
PAF levels in biological fluids has been developed. 



The Invention 

15 

Accordingly the invention provides novel compounds 
of general formula (I) -- 



S^-q-R 1 -: 



' " +345 

CH 2 -0-I>-0-CH 2 -CH 2 -N VrV 

0_ 

25 wherein: 

(1) R l is a C 2 to C 25 alkylene or alkenylene linking 
group substituted by radioactive iodine; 
X is hydrogen; or 



\ 
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(2) R^ is a C 2 to C 25 alkylene, alkenylene or alkynylene 
Unking group optionally substituted by tritium or 
radioactive iodine; 
X is selected from: 
the group consi 
alkoxy) methyl, carboxy, isothiocyanato, N-C x to 
C fi alkylamino, NjN-di^ to C g alkyl) amino, 
hydroxy and mercapto; and 
(b) the group -A-B wherein A is a linking group 
selected from the groups -NR 6 -, -COO-, -0C0-, 
-CONR 6 -, -NR 6 CO-, -NH-CS-NH- and -S-S- wherein 
R 6 is selected from hydrogen and C 2 to c g 
alkyl; and 
B is selected from: 

(i) monofunctional and polyfunctional 
protein peptide, carbohydrate and 
lipid groups and derivatives thereof 
of molecular 

weight of at least 2000; and 

(ii) a label; and 

R 2 to R 5 are independently selected from C x to C g alkyl; 
and mixtures of the compound of formula (I) and its 
enantiomer. 

In one embodiment the invention provides antigenic 
PAF analogues of general formula (I) wherein: 
R 1 is a C 2 to C 25 alkylene or alkenylene linking group; 



X is the group -A-B wherein: 

A is a linking group selected from -NR 6 -, -coo-, 
-OCO-, -com 6 -, -NR 6 CO- and -S-S- wherein R 6 is 
selected from hydrogen and to C g alkyl; and 
5 B is selected from monofunctional and polyfunctional 

. protein, peptide, carbohydrate and lipid groups and 
derivatives thereof of molecular weight of at least 
2000 which are capable of eliciting an antigenic 
response; and 

10 R 2 to R 5 are independently selected from to C g alkyl. 

In the antigenic PAF analogues of the invention of 
general formula (I) : 

-Preferred R 1 include straight chain C 4 to C lg alkyl ene. 
15 More preferred R 1 include straight chain C 4 to C g 
alkylene. For convenience R 1 is often chosen from 
pentylene and hexylene. 

-Preferred A include -NR 6 -, -C00-, -0C0-, -CONR 6 - and 
R 6 C0- and preferred R 6 include hydrogen and methyl. More 

20 preferred A include -NR 6 - and -OCO-. 

-Preferred B include monofunctional and polyfunctional 
protein, peptide, carbohydrate and lipid groups of 
molecular weight at least 5000 and capable of eliciting 
an antigenic response. More preferred B include 

25 monofunctional and polyfunctional groups of molecular 
weight at least 10,000. Examples of suitable B include 
Bovine Serum Albumen (BSA) , ovalbumen, Porcine 
Thyroglobulin (PTG) , Bovine Thyroglobulin (BTG) , keyhole 
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limpet haemocyanin, bacterial cell walls, synthetic 
polypeptides such as polylysine, poke weed mitagen (PWM) , 
phytohaemoglutinin {PHA) , muranyl dipeptidase and lipo- 
polysaccharides. 
5 -Preferred R 2 to R 5 include C 1 to C 3 alkyl, and 
especially methyl. 



In another embodiment the invention provides 
labelled PAP analogues of general formula (I) wherein: 

(1) R 1 is a c 2 to c 25 alkylene or alkenylene linking 
group substituted by radioactive iodine? 

X is hydrogen; or 

(2) R 1 is a C 2 to C 25 alkylene, alkenylene or alkynylene 
linking group; 

X is a group of formula -A-B wherein: 

A is a linking group selected from -NR 6 -, -C00- 

-NH-CS-NH-and -S-5- 
wherein R 6 is selected from hydrogen and C x to 
c g alkyl; 
B is a label; and 
R 2 to R 5 are independently selected from c 1 to c g alkyl. 

In the labelled PAF analogues of the invention 
of general formula I wherein X is hydrogen: 
-Preferred R 1 include straight chain C 4 to C lg alkylene 
or alkenylene substituted by radioactive iodine. 
-Preferred R 2 to R 5 are methyl. 



In the labelled PAF analogues of the invention of 
general formula I wherein X is a group of formula -A-B: 
-Preferred R 1 include straight chain C 4 to C 16 alkylene, 
alkenylene or alkynylene. More preferred R 1 include 
straight chain C 4 to C g alkylene. 
-Preferred A include -NR 6 -, -COO-, -0C0-, -COMR 6 - and 
-NR 6 CO- and preferred R 6 include hydrogen and methyl. 
More preferred A include -NR 6 - and -0C0-. 
-In this specification, "label" is used to mean 
conventional labels used in immunoassay procedures 
including : the radioactive isotope labelled groups based 
on 125 I-histamine, 125 I-tyramine, 125 I-tyrosine methyl 
ester and 125 I-Bolton Hunter Reagent; enzymic labels; and 
photometric labels. Specific examples emzymic labels 
include horseradish peroxidase, alkaline phosphatase, 
betagalactosidease and urease. Specific examples of 
photometric labels include fluorescent groups such as 
fluorescein and its derivatives, rhodamine .and its 
derivatives, phycoerythrins, europium, "Texas Red", 
luminescent labels such as luminol and its derivatives, 
acridinium esters and umbelliferins. 
-Preferred R 2 to R 5 are Cj to C 3 alkyl, especially 
methyl. 

In another embodiment the invention provides 
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compounds of generai fomula (I) which are useful as 
intermediates for the preparation of the antigenic PAF. 
analogues of the invention wherein: 
R 1 is a C 2 to C 25 alkylene, alkenylene or alkynylene 
5 linking group; and 

X is selected from the group consisting of formyl, 
carboxy, di(C 1 to c g alkoxy) methyl, N-C x to c fi 
alkylamino, l^N-di^ to C fi alkyl) amino, hydroxy and 
mercapto. 

10 In the intermediate compounds of the invention of 

general formula I: 

-Preferred R 1 include straight chain C 4 to C 16 alkylene, 
alkenylene and alkynylene. More preferred R 1 include 
straight chain C 4 to C Q alkylene. 
15 -Preferred X include formyl, carboxy, dimethoxymethyl and 
hydroxy. 



In another embodiment the invention provides 
a process for the preparation of compounds of general 
20 formula (I) which process comprises: 
(a) reacting: 

a compound of general formula (II) 



CHj-O-R 1 ^ 



CH 2 -OH 



wherein R 1 and R 2 are as hereinbefore defined and G 
is selected from di(C x to C g alkoxy) methyl and 
groups which may be reacted, using conventional 
methods, to give a group selected from formyl, difc^ 
5 to C g alkoxy) methyl, carboxy, amino, N-c^ to c g 

alkylamino, NjN-difC^ to C g alkyl) amino, hydroxy and 
mercapto; 

a phosphorylation agent; and 

an N,N,N-tri(C 1 to C g alkyl ) ethanolamine derivative 
10 to give a compound of general formula (III) 

CH 2 -0-R 1 -G 

R 2 COO»»— C-^H 

CH 2 -0-P-0-CH 2 -CH 2 -N + R 3 R 4 R 5 
0_ 

(b) reacting the product of (a) to convert group G as 
20 hereinbefore defined to a group selected from 

formyl, diC^ to C g alkoxy) methyl, carboxy, amino, 
N-C x to C g alkylamino, NjN-dif^ to C g alkyl) amino, 
hydroxy and mercapto and to introduce the desired 
group X. 



In a specific example of the process for the 
preparation of compounds of general formula (I) : 
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(a) a compound of general formula (II) , wherein G Is 
dimethoxymethyl, R 1 is selected from C 4 to c lg 
alkylene, alkenylene and alkynylene and R 2 is 
methyl, is reacted with phosphorus oxychloride and 

5 choline tosylate to give a compound of formula 

(III), wherein G is dimethoxymethyl, R 1 is selected 
from c 4 to c lg alkylene, alkenylene and alkynylene, 
and R 2 to R 5 are methyl; and 

(b) the product of (a) is reacted with acid to give 

10 a compound of formula (I) wherein X is formyl and R 1 

to R 5 are as hereinbefore defined, which is reacted 
with a protein or synthetic peptide followed by 
reduction of the resulting imine to give a compound 
of general formula (I) wherein R 1 to R 5 are 

15 as hereinbefore defined and X is the group -A-B 

wherein A is the linking group -NR 6 - in which R 6 is 
hydrogen and B is a protein or synthetic peptide. 

It will be recognized by those skilled in the 
20 art that in those antigenic PAT analogues of general 
formula I the group B may be monovalent or polyvalent 
such that a plurality of residues of general formula (I) , 
typically between 1 and 500 and usually between 2 and 20, 
are attached to each group B. Therefore, in those 
25 antigenic PAF analogues of general formula I in which X 
is the group -A-B, if the residue of formula (I) is 
represented by Z then the invention includes antigenic 
PAP analogues of formula (Z) n B wherein n is an integer 
from 1 to 500. 



It will also be recognized by those skilled in the 
art that certain of the PAF analogues of general formula 
(I) may be non-covalently bonded to or adsorbed onto a 
solid support. Accordingly in another embodiment the 
invention provides supported PAF analogues comprising PAF 
analogues of general formula (I) wherein: 

(1) R 1 is a C 2 to C 25 alkylene or alkenylene linking 
group substituted by radioactive iodine; 

X is hydrogen; or 

(2) R 1 is a C 2 to c 25 alkylene, alkenylene or alkynylene 
linking group optionally substituted by tritium or 
radioactive iodine; 

X is selected from: 

(a) the group consisting of formyl, difC^ to C g 
alkoxy) methyl, carboxy, isothiocyanato, N-C 1 to 
C g alkylamino, N,H-di(C 1 to C g alkyl) amino, 
hydroxy and mercapto; and 

(b) the group tA-b wherein A is a linking group 
selected from the groups -NR 6 -, -COO-, 
-OCO-,-CONR 6 -, -NR 6 CO-, -NH-CS-NH- and -S-S- 
wherein R 6 is selected from hydrogen and to 
C g alkyl; and B is a label; and 

R 2 to R 5 are independently selected from c x to C g alkyl; 
non-covalently bonded to or adsorbed onto a solid support 
material. 

Examples of solid support materials for said 
supported PAF -analogues include proteins, synthetic 
polypeptides (eg polylysine) carbohydrates and 
carbohydrate derivatives [e.g. nitrocellulose, agaroses 
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such as "Sepharose" (Trade Mark) , and 
lipopolysaccharidea] and synthetic polymers such as, for. 
example, polysulphones, polyaaides (e.g. polyacryl amide, 
nylon 6, nylon 66, nylon 610) and polystyrene in the form 
5 of particles, balls or formed articles such as test- 
-tubes, rods, tubes, fins, wells, beads, disks, slides, 
plates and micro-titre plates. 

Although PAF itself has been found to be 
10 insufficiently antigenic to produce the PAP-antibodies 
required to develop an immunoassay for PAF, surprisingly 
it has been found that: 

(a) PAF adsorbed onto or non-covalently bound to a 
monofunctional or poly functional protein, peptide, 

15 carbohydrate, lipid or a derivative thereof of 

molecular weight at least 2000 and capable of 
eliciting an antigenic response; and 

(b) the antigenic PAF analogues of general formula (I) ; 
stimulate the production of antibodies which are 

20 antibodies to PAF. Accordingly in a further embodiment 
the invention provides antibodies to PAF and methods for 
their production. Such antibodies, hereinafter referred 
to as PAF-antibodies or ant i -PAF, may be prepared by 
those techniques known in the art and conventionally 

25 involve introducing an antigenic PAF analogue of general 
formula (I) into an animal such as a rabbit, mouse, 
donkey, sheep, etc. to produce antibodies to the antigen 
and isolating and purifying the antibodies. The 
PAF-antibodies of the invention may be labelled with any 

30 of the conventional labels used in immunoassay 



procedures. Such labels include, for example, 
radioactive labels, enzymic labels and photometric labels 
such as those hereinbefore described. 



5 The PAF antibodies of the invention include both 

monoclonal antibodies and polyclonal antibodies 
and techniques known in the art may be utilized to 
prepare the required type of antibody. For example, 
monoclonal antibodies may be produced using the antigenic 

10 PAF analogues of general formula (I) of the invention by 
the techniques taught by G. Kohler and C. Milstein, 
Nature,256, 495-497 (1975). 

The PAF analogues and PAF antibodies of the 
invention may be used to qualitatively and quantitatively 

15 analyse for the presence of PAF in biological fluids. 
Accordingly in a further embodiment the invention 
provides methods for the immunoassay of PAF in biological 
fluids using the PAF analogues and/or PAF-antibodies of . 
the present invention. 

20 • In one method PAF or PAF analogue is immobilised on 
a solid support and reacted with labelled or unlabelled 
PAF-antibodies in the presence of known amountB of 
competing free PAF to generate a graph showing percent 
inhibition versus PAF concentration. If, unlabelled PAF 

25 antibody is used the antibody bound which binds to the 
first is detected by using a labelled second antibody 
(goat, donkey, sheep, etc.). Using this graph the amount 
of free PAF in biological fluids may be quantitatively 
measured. 

30 In another method, unlabelled anti-PAF bound to a 



WU«7/U5*W t3 *-LT/AU87/00084 

solid support is reacted with a polyvalent antigenic PAF 
analogue of formula (Z) n B (e.g. PAF-polylysine) . The 
resulting complex is then determined using labelled anti- 
PAF which binds to free PAF residues on the polyvalent 
5 antigenic PAF analogue. 

In another method, unlabelled anti-PAF bound 
directly, either covalently or non-covalently, to a solid 
phase such as magnetized particles, plastic tubes, 
micro-titre plates, "Sepharose" (Trade Mark) particles, 
10 polyacrylamide particles, nylon or polystyrene balls, 
etc. is mixed in a competition assay with: (a) a known 
quantity of labelled PAF; and (b) known quantities of 
unlabelled PAF contained in standard solutions or PAF to 
be measured in an extract or biological fluid. The 
15 concentration of unlabelled PAF in the sample is then 
determined from a standard curve, for example from a 
logit/log standard plot. 

♦ In another method, the procedure above is used * 
except that the anti-PAF is linked to the solid phase by 
20 a ligand such as an antibody, protein A, lectin or an 
enzyme, for example: 

-solid phase/sheep (or some other species) ant i -rabbit (or 
mouse etc.) immunoglobul in/rabbit (or mouse etc.) 
anti-PAF; and 

25 -solid phase/protein A/rabbit (or mouse etc.) anti-PAF. 

In another method, anti-PAF, labelled PAF and PAF to 
be measured are mixed and the free PAF and antibody-bound 
PAF are separated using dextran-coated charcoal or some 
other solid phase adsorbent such as hydroxyapatite etc. 

30 The concentration of unlabelled PAF in the sample being 



measured is then determined from a standard curve. 

In another method, anti-PAF/PAF complexes are 
precipitated with a second antibody or with a protein 
precipitating reagent such as ammonium sulphate. 
5 Again, concentrations of unlabelled PAP may be determined 
from a standard curve. 

In a further embodiment the invention also provides 
a kit for the immunoassay of PAF in a biological fluid 
said kit comprising PAF-antibodies of the present 

10 invention. 

In practice, it has been found that the PAF 
present in biological fluids such as blood serum is 
rapidly degraded by the enzyme PAF-acetylhydrolase which 
is also normally present in blood serum. Therefore, it 

15 is preferable to first deactivate the enzyme. Three 
methods have been published for the deactivation of the 
enzyme, namely, use of IN hydrochloric acid, use of 
diisopropylfluorophosphate, and use of 
phenylmethanesulphonyl fluoride, but these methods suffer 

20 the disadvantages of use of drastic conditions and/or 
toxic substances. 

It has now been found that the addition of a 
detergent to the biological fluid sufficently deactivates 
the enzyme to enable PAF to be quantitatively determined. 

25 Therefore, in a further embodiment the invention provides 
a method of immunoassay of PAF in biological fluid which 
comprises diluting the fluid with an aqueous detergent 
solution, prior to subjecting the diluted fluid to an 
immunoassay. Preferably the detergent is a non-ionic 

30 detergent, such as those selected from the group 
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consisting of: polyalkylene glycols; alcohol, phenol and 
alkylphenol alkoxylates; castor oil alkoxylates; the 
partial esters derived from long chain fatty acids and 
hexitol anhydrides and their alkoxylates; long chain 
5 alcohol polyglycol ether acetals; alcohol sugar acetals; 
and the lecithins. Detergents such as M Tween"20, 
"Nonidet" P40 and "Triton" X100 (Trade Marks) have been 
found particularly useful. 



10 Industrial Applicability 



It will be evident to those skilled in the art 
that the products and methods of the invention find 
particular use in the medical and veterinary fields for 
15 the analysis of PAF. 



Preferred Embod iments 

Embodiments of the present invention will now 
be described by way of example only. 

5 

Example 1 

Preparation of 2-0-Acetvl-l-O- f 6 ; . 6 ! -diaethoxyhgwl ) - 
sn-qlYceryl-3-phosphorylcholine 

10 

1. 1 , l-Djmethoxycvclohexane . 

A mixture of cyclohexanone (52 ml, 0.5 mol) , trimethyl- 
orthoformate (66 ml, 0.6 mol), methanol (51 ml, 1.26 mol) 
15 and concentrated H 2 S0 4 (1 drop) was refluxed for 18 
hours. A solution of sodium methoxide in methanol was 
added until the mixture was neutral, and the mixtuare was 
fractionally distilled. 1 , 1-Dimethoxycyclohexane was 
obtained from the fraction b.p. 162-164°C (50.6 g, 70%). 

20 • 

2. 1-Methoxvcvclohexene . 

1, 1-Dimethoxycyclohexane (25 g, 0.174 mol) was heated 
with p-toluenesulfonic acid (35 mg) at 140°C for 3 hrs. 
25 Methanol was distilled off during the reaction. 

The residue was fractionally distilled, yielding 1- 
methoxycyclohexene (15.2 g, 80%) b.p. 144-146°C. 



'V PCT/AL'87/00084 
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A solution of 1-methoxycyclohexene (4.5 g, 0.04 mol) 
in methanol (140 ml) was ozonolysed at 0°c until 
the uptake of ozone ceased. The solution was 
degassed and a suspension of reduced Pd/CaC0 3 (1.0 
g) catalyst in methanol (30 ml) was added. The 
mixture was filtered through celite, and the 
filtrate was evaporated. Trimethylorthoformate (7 
ml, 0.06 mol), methanol (5 ml, 0.12 mol) and 
conc.H 2 S0 4 (1 drop) were added to the 
residue. After 17 hours, the mixture was 
neutralized with sodium methoxide solution and then 
fractionally distilled. Methyl 
6,6-dimethoxyhexanoate was collected 
as the fraction b.p. 80-90°c/l.0 mm (4.1 g, 54%). 

6 , j-pigethoxYhexan-a-Q?, 

To a stirred mixture of lithium aluminium hydride 
(3.8 g, 0.1 mol) in ether (80 ml) under nitrogen, 
was added methyl 6,6-dimethoxyhexanoate (15.0 g, 
0.079 mol) in ether (50 ml) at a rate to maintain 
reflux (ca.1.5 hr). The mixture was further refluxed 
for 1.5 hrs., and then cooled to 0°c. Sodium 
hydroxide solution (13 ml, 7 M) was added dropwise 
while cooling in ice. After stirring for 1 hour, the 
mixture was filtered through a layer of magnesium 
sulfate. . The residue was washed with ether, and the 
combined filtrates were evaporated. The residue was 



subjected to "suction" chromatography. 
6,6-Dimethoxyhexan-l-ol was eluted with 25% ethyl 
acetate in light petroleum (10.3 g, 80%). 

2-0-Acetvl-3-0-benzvl-l-0- (6 | , 6 ' -dimethoxvhexvn 
-sn-olycerol 

Sodium hydride dispersion (0.377 g, 12.6 mmol, 80% 
in oil) was washed with dry ether under nitrogen. 
The residue was resuspended in dry DMF (30 ml) , and 
6,6-dimethoxyhexan-l-ol (1.62 g, 10 mmol) was added. 
The mixture was heated at 80°C for 1.25 nr., during 
which time the sodium hydride reacted. (R) -l- 
(Benzyloxy)-2,3-epoxypropane (1.64 g, 10 mmol) was 
added and heating was continued for 2 hr. Upon 
cooling, water (100 ml) was added and the mixture 
was extracted with ether (100 ml, 2 x 40 ml). The 
combined extracts were washed with water (2 x 80 ml) 
and brine (100 ml) , dried (MgS0 4 ) and evaporated. 
The residual oil (2.8 g) was dissolved in chloroform 
(36 ml), and cooled to 0°C. Pyridine (3.5 ml, 43 
mmol) and freshly distilled acetyl chloride (0.94 
ml, 13.2 mol) were added. The mixture was stirred 
for 0.5 hr. at 25°C, then 2 hr. at room temperature 
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(RT) . Ice water (100 ml) was added and the layers 
separated. The aqueous layer was extracted with 
chloroform (2 x 40 ml), and the combined organic 
phases were washed with water (100 ml) and brine 
5 (100 ml) , dried (MgS0 4 ) and evaporated. The residue 

was subjected to chromatography and the product was 
eluted with petroleum ether-ethyl acetate (9:1). 
Evaporation of this fraction yielded the product as 
a colorless oil (1.82 g, 50%) b.p. 170°C/0.2 mmHg 

10 < C 20 H 32°6 r^ 1 ^ 3 c > 65.19; H, 8.75%, Found: C, 

65.06%; H,8.66%), [ cC J D + 1.98° (c 5.06, benzene). 
X H N.M.R.6" : 7.36, m,5, ArH; 5.17,q.l,£ 5.0 Hz, 
H2; 4. 50, d, 2, J 2.5 Hz, benzyl? 4.36, t,l,J 5.7 Hz, 
-CH(OMe 2 ); 3. 62, d, 2, J 5.0 Hz, H3; 3. 58, d, 2, J 5.2 Hz, 

15 OCH 2 -; 3. 48-3. 39, m, 2, HI; 3.31,s, 6,OCH3 ? 

2.12,s, 3, COC3I 3 ; 1.72-1. 26, m,8,-CH 2 -. Mass spectrum: 
m/e 337, 305, 287, 245, 229, 215, 207, 146, 117, 
113, 111, 91, 81, 75, 72. 

20 6. 3-o-AcetYl-l-o- ( 6 ' , 6 ' -dj.methoxyh.exyl) -sn-glycerol 

2-£-Acetyl-3-0-benzyl-l-Q- (6 ' , 6 1 -dimethoxyhexyl) -sfl- 
-glycerol (369 mg, 1.0 mmol) was hydrogenated in THF 
(10 ml) over Palladium/carbon (14 mg, 10%) until the 
uptake of hydrogen ceased (approx. 2.5 hr.). The 

25 solution was filtered through celite, and the 

filtrate was evaporated to yield a colourless oil 
(278 mg, 100%) which was used immediately, *H 
N.M.R. S '. 5.04,q,l,£ 5.0 Hz,H2; 4.40,t,l,£ 5.7 Hz, 
-CH(OHe) 2 ; 3. 84, d, 2,J 5.0 HZ, H3; 3. 65, d, 2, 2 5.2 
HZ, OCH 2 -; 3.56-3.44,m,2, HI; 3.35,8,6, 0CH 3 ; 



2. 5, 6(b), 1, OH; 2.14,8,3, COCH 3 ; 1.7-1.3,0,8, -CH 2 -, 



2- 0-Acetyl-l-O- ( 6 ; . 6 1 -dlmethoxyhexvl) -sn-olyceryl 

3- phosphoryjchoUne 

To a stirred, cold (0°C) solution of distilled 
triethylamine (0.35 ml, 2.5 mmol) in 
dichloromethane(4 ml) under nitrogen, was added 
distilled phosphorous oxychloride (0.11 ml, 1.2 
mmol) and then 2-0-acatyl-l-0- ( 6 ' , 6 • -dimethoxy- 
hexyl) -sn,-glycerol (278 mg, 1.0 mmol) in 
dichloromethane (5 ml) . The solution was stirred for 
1 nr. at RT, and choline tosylate (465 mg, 1.7 mmol) 
in pyridine (10 ml) was added. Stirring was 
continued for 17 hrs. at RT. Sodium bicarbonate 
(0.4 g) and water (1 ml) were added and the mixture 
was evaporated at 30°C. The .residue was extracted . 
several times with chloroform (total 40 ml) and 
filtered. The filtrate was evaporated to yield a 
semi-solid residue (1.3 g) . 

An anion exchange column was prepared from DE-32 
celluose (5.5 g) in acetic acid, and washed 
successively with methanol, methanol/chloroform 
(1:1) and chloroform. The mixture (1.3 g) was 
applied to the column in a small volume of 
chloroform, and was then eluted with chloroform 
(100 ml) , then methanol in chloroform (100 ml each 
of 1.5%, 3%, 4.5%, 6% v/v). The product was 
contained in the fractions 3-6% methanol in 
chloroform, as determined by t.l.c (CH& 3 /MeOH/H 2 0 



WOS7/D5W4 PCT/AU87/00W4 

60:35:5). Evaporation of these combined fractions 
yielded a pale yellow semi-crystalline material 
(0.21 g), which was contaminated with a tosylate 
salt (approx. 30*). H.H.R. 6" : 5.13,0,1,112; 
5 4. 37, t, 1,1 5.7 Hz,-CH(OMe) 2 ; 4.3-3.2,m,all other 

protons on CoC to 0 or K; 2.06, s,3, C0CH 3 ; 
1.7-1.3,n,8,-CH 2 -. 13 C N.M.R. € 170. 49, s, C=0; 
104.25, S, -CH(0Me) 2 f 71.90,d,J 8.0 Hz, C2; 
71.17,s,-C3I 2 0(or N); 69.00,s,-CH 2 0(or N); 
10 65.76,s,-CH 2 0 (or N) ; 63.76,d, J 5.1 Hz; -CHjOPf 

59.03,d,J 4.4 HZ, -CH 2 OP,« 53.78,S,-N + (CH 3 ) 3 ? 
53.38,S,OCH 3 ; 32.24,S / -CH 2 -;21.00,S, COCHj. 



Example 2 

15 

Preparation of 2-O-Acetvl-l-Q- ( 6 ' -oxohexvll -sn-glvcervl 
-3-phosphorylchoUne 

Crude 2-2-acetyl-l-C;- ( 6 » , 6 ' -dimethoxyhexyl) -sii-glyceryl-3 
20 -phosphorylcholine (130 mg) was suspended in ethyl acetate 
(9 ml) and aqueous trifluoroacetic acid (TFA) (170/fl, 
90%) was added. The mixture was allowed to stand at RT 
for 1.5 hr. and 4°C for 17 hrs., until the depro- 
tection was complete by t.l.c. Toluene (9 ml) was added 
25 and the mixture evaporated. The residue was repeatedly 
evaporated from ethyl acetate/toluene (1:1) (10 ml) and 
alternatively from toluene (10 ml) . The mixture was 



chroma cographed on silica gel (70-230 mesn) and the 
product was eluted with CHCl 3 /MeOH/H 2 0 (40:60:10). 
Evaporation of the appropriate fractions yielded a 
colorless oil (50 mg) . *H N.M.R. : 9. 78, t, 1,2 2.0 Hz, 
5 CH=0; 5.1,m,l,H2; 4. 4-3. 2, m, all other protons on C cC to 
0 or N; 2.46, dt,2,J 2.0 & 7.0 Hz, -CH 2 -CHO; 
2.08,s,3,COC3I 3 ; 1.7-1.3,m,6,-CH 2 -. 13 C N.M.R. 6": 

176. 05, s, -CH0; 170.79,8, -OCOCH 3 ; 72.07,s,C2; 
71.21,S,-CH 2 0 (orN); 69.27,8, -CHjO (or N) ; 66.12,s, 
10 -CH 2 0 (or H); 64.11,8, -CH 2 OP; 59.38,s, -CHjOP; 
54.20,S,-N + (CH 3 ) 3 ; 43.78,s,-CH 2 CHO; 
29.28,s, -CH 2 -;25.64,s,-CH 2 -; 21.80,s,-CH 2 -; 
21.26,s,COCH 3 . 

15 Example ? 

Coupling 2-O-acetvl-l-0- 1 6 ' -oxohexvll -sn-qlvcervl-3- 
phosphorvlcholine to methylated 9SA ( PAF-BSA) 

20 Methylated bovine serum albumin (250 mg) was dissolved in 
methanol (90 ml) and 2-O-acetyl-l-O- (6 ' -oxohexyl) -sn- 
glyceryl-3-phosphorylcholine (25 mg) in methanol (5 ml) 
was added. The solution was left at RT for 0.5 nr., 
and then sodium cyanoborohydride (100 mg) was added. The 

25 pH of the solution was adjusted to 5 with 1M HC1. After 
standing for 16 hr. at RT, the mixture was evaporated. 
The residue was dispersed in water (90 ml) and dialysed 
against distilled water (20 1) . The dialysate was 
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freeze-dried to yield a fluffy white material (238 mg) . 
This material was assayed for phosphorous content, which 
was found to be 100 nanomoles per mg. 

5 Example 4 

coupling 2-O-acetyl-l-O- ( 6 ' -oxphexyl) -sn-glyceryl 
-3-phosphorvl-choline to polvlysine (PAP-PL) 

10 2-O-Acetyl-l-O- ( 6 1 -oxohexyl) -sn.-glyceryl-3-phosphoryl- 
choline was coupled to the polyvalent synthetic 
polypeptide polylysine following essentially the same 
procedure as that described in Example 3. 

15 Example 5 

Inactivation of PAF-Acetvlhvdrolase 

The following experiments demonstrate that PAF-acetyl- 
20 .hydrolase can be deactivated by the addition of deter- 
gents. 

Materials 

25 PAF (from bovine heart lecithin) and "Tween" 20 (polyoxy- 
ethylene sorbitan monolaurate) were from Sigma (St. 
Louis, Mo., USA). Human sera albumin (HSA) was from 
Commonwealth Serum Laboratories (Melbourne, Australia) . 



Serum 

Blood was collected from normal human donors by veni- 
puncture, allowed to clot and the serum collected. 
5 Serum was stored at -20°C until used. Similarily, 
rabbit serum was obtained from the ear veins of normal 
rabbits. 

Platejet-flich ?*asma 

10 

Whole blood was collected from normal human donors, who 
had taken no medication for at least 10 days before 
venipuncture, and mixed with 0.1M trisodium citrate (0.1 
vol) . Platelet-rich plasma was produced by centri- 
15 fugation (10 min, 600 r.p.m.) and was used within 1 hour. 

Dilution of sera 

Sera were diluted 1 in 100 in either PBS or 0.1% "Tween" 
20 -in PBS (v/v) . Diluted acid-treated sera were prepared 
by mixing sera (1 vol.) with 0.1H citrate buffer pH 
3.0 (2 vol.), and then 15 minutes later with PBS (98 
vol.). 

25 Determination of PAF-acetvlhvdrolase activity 

Diluted serum (50/il) was incubated with 3.7 x lo" 6 M 
PAT (in 2.5% HSA) (50 /d) for 27 hours at 25°C. 
The solution [50/tl) was then tested for platelet ag- 
30 gregation activity at 37°C in a Payton dual 
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channel aggregometer using human platelet-rich 
plasma (500^1). 



5 RESULTS AND DISCUSSION 

Two human sera and two rabbit sera, each with added PAF, 
were diluted by the three methods (PBS, "Tween" and acid- 
treated) and were then tested for acetylhydrolase activi- 

10 ty. The results were in the form of light-transmission 
tracings from the aggregometer. After 27 hours incuba- 
tion, PAF was destroyed in all sera diluted with PBS 
whereas the sera diluted in 0.1% "Tween" showed no 
inactivation of PAF. The "Tween" -diluted sera were 

15 tested for platelet aggregating activity, but no 

aggregation was observed. As a control for the above 
experiment, PAF was incubated with PBS or 0.1% Tween in 
PBS. In these experiments platelet aggregation activity 
was retained. 

20 

Disparity between human and rabbit sera was found when 
the sera were treated with acid. Whereas, rabbit sera 
no longer destroyed PAF, acid-treated human serum 
still had acetylhydrolase activity. Human and rabbit 
25 sera appear to have the same buffering capacity, so the 
disparity probably arises from varying acid-sensi- 
tivities of the two acetylhydrolases . 

These results show that "Tween" 20 inactivates PAF-ace- 
30 tylhydrolase. Dilution in "Tween" is thus a simple and 



mild method of inactivating PAF-acetylhydrolase and this 
finding will be of great importance in immunoassay 
procedures used to measure PAF in biological fluids. 

5 

Example 6 

Preparation of PAF-antibodies 

10 

2-0-acetyl-l-0- (6 • -oxohexyl) -sn.-glyceryl-3-phosphoryl- 
choline coupled to methylated bovine serum albumin 
prepared as described in Example 3 (PAF-BSA) was used as 
an antigen in rabbits and the immunoglobulin fraction was 
15 isolated from the rabbit anti-PAF serum produced by 
affinity chromatography on "Sepharose"/protein A. 

The presence of PAF-antibodies in the isolated 
immunoglobin fraction was determined by a direct binding 
20 .assay showing binding to tritium labelled PAP ( 3 H-PAF) as 
described below. 

A sample of the immunoglobulin fraction (Ig) was mixed in 
an assay tube with a mixture (3-5mg) of "Sepharose" 

25 (solid support) and protein A (a ligand to link the 

antibody to solid support) and 3 H-PAF in a total volume 
of 50 to 100 /tl and incubated at room temperature 
overnight. The resulting mixture was centrifuged, washed 
twice with phosphate buffered saline containing 0.1% 

30 "Tween" 20, centrifuged and the sediment transferred in 
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water (200^1) to the liquid scintillant "Aquasol" (3mi) 
and counted in a liquid scintillation counter. 



The results, tabulated below, indicate significant uptake 
5 of 3 H-PAF by the immunoglobulin isolated from rabbits 
treated with the PAF-BSA antigen in comparison to 
"normal" immunoglobulin isolated from control rabbits. 



Rabbit 


ig 


3 H-PAF 


Assay Count 


3 H-PAF 


*»o 




., (cpm) 


(cpi). 


Uptake 


l 


20 


28,123 


5,046 


17.9 


1 


10 


28,123 


5,124 


18.2 


1 


5 


28,123 


3,967 


14.1 


2 


20 


28,123 


4,449 


15.8 


2 


10 


28,123 


3,001 


10.7 


2 


5 


28,123 


2,189 


7.8 


Control 


20 


28*, 123 


326 


1.2 


Control 


10 


28,123 


492 


1.7 


Control 


5 


28,123 


281 


1.0 


None 


0 


28,123 


140 


0.5 



* n Sepharose", "Tween" and "Aquasol" are Trade Marks. 



Example 7 



The following experiments demonstrate the use of 
5 PAF-antibodies of the present invention in a competition 
or inhibition assay with a known quantity of labelled PAF 
and known quantities of unlabelled PAF or PAF analogues 
of the invention which can be used to establish standard 
plots from which the quantity of PAF in sample can be 
10 determined. They also demonstrate the binding of the 
PAF-antibodies of the invention to PAF and the PAF 
analogues of the invention (e.g. PAF-PL of Example 4) in 
comparison to lyso-PAF, lecithin and lyso-lecithin. 

15 A standard quantity of immunoglobulin containing 

PAF-antibodies (Ig) prepared as described in Example 6 
was mixed in an assay tube with a mixture (3-5mg) of 
"Sepharose" and protein A,, 3 H-PAF (22,676 cpm) , and a 
sample of a "test" substance for competitive binding to 

20 PAF-antibodies in a total volume of 100 to 200/^1 and the 
mixture was incubated at room temperature overnight. The 
resulting mixture was centrifuged, washed twice with 
phosphate buffered saline containing 0.1% "Tween" 20, 
centrifuged and the sediment transferred in water (200/rl) 

25 to the liquid scintillant "Aquasol" (3ml) and counted in 
a liquid scintillation counter. 
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The results, tabulated below, indicate: 

(i) PAF-antibodies of the present invention may be 

5 used in a competition assay with known amounts 

of radiolabelled PAF and PAF to develop a 
standard plot for the quantitative 
determination of PAF by competition assay; and 

10 (ii) the specific binding of the PAF-antibodies of 
the invention to PAF and the PAF-analogues of 
the invention (e.g. PAF-PL) 



TEST SUBSTANCE ASSAY COUNT ASSAY/ CONTROL 

Name ng cpm %* 



PAF 


. 5,000 


228 


4.1 


PAF 


500 


598 


18.6 


PAF 


50 


1,602 


57.8 


PAF 


5 


2,316 


85.7 


PAF 


0.5 


2,561 


95.2 


PAF-PL 


27,000 


435 


12.2 


PAF-PL 


2,700 


662 


21.1 


PAF-PL 


270 


429 


11.9 


PAF-PL 


27 


1,329 


47.1 


PAF-PL 


2.7 


2,338 


86.5 



v«/rwo//uuuot 



5,800 2,746 
580 2,744 



lyso-PAF 
lyso-PAF 

lecithin 5,000 

lecithin 500 

lyso-lecithin 5,000 

lyso-lecithin 500 



2,994 

2,545 99.6 

2,658 99.0 

2,668 99.4 



Control 0 2,683 100.0 

No Ig 0 123 

Assay Count - Assav Count No la x 100 

Assay Count Control - Assay Count No Ig 



i.e. (Assay Count - 123) x IQQ 
2560 
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CLAIMS : 

1. Compounds of general formula (I): 

CH,-0-R 1 -X 
2 1 

r*coo*c«*h 

1 o 

-p- 

i 

o" 

wherein: 

(1) R 1 is a C 2 to C 25 alkylene or alkenylene linking 
group substituted by radioactive iodine; 

X is hydrogen; or 

(2) R 1 is a C 2 to C 25 alkylene, alkenylene or alkynlene 
linking group optionally substituted by tritium or 
radioactive iodine; 

X is selected from: 

(a) the group consisting of formyl, di(C^ to C g 
alkoxy) methyl, carboxy, isothiocyanato, N-C^ to 
C 6 alkylamino, J^N-di^ to C g alkyl) amino, 
hydroxy and mercapto; and 

(b) . the group -A-B wherein A is a linking group 

-COO-, -OCO-, 

id -S-S- wherein 
R 6 is selected from hydrogen and C x to c g alkyl; 
and B is selected from: 
(i) monofunctional and polyfunctional 

protein, peptide, carbohydrate and lipid 
groups and derivatives thereof of 



molecular weight of at least 2000; and 
(11) a label; and 
R 2 to R 5 are independently selected from to c g alkyl; 
and mixtures of the compound of formula I and its 
enantiomer. 

2. Antigenic PAF analogues of general formula (I) 

CH,-0-R 1 -X 

2 I 2 

R^COO^-C^H 

I " + 

CH -O-P-O-CH -CH -NR 3 R 4 R 5 



X is the group -A-B wherein: 

A is a linking group selected from -NR 6 -, -coo-, 
-OCO-, -CONR 6 , -NR 6 CO- and -S-S wherein R 6 is 
selected from hydrogen and to C g alkyl; and 
B is selected from monofunctional and polyf unctlonal . 
protein, peptide, carbohydrate and lipid groups and 
derivatives thereof of molecular weight of at least 
2000 which are capable of eliciting an antigenic 
response; and 

R 2 to R 5 are independently selected from C 1 to C g alkyl. 
3. Antigenic PAP analogues according to claim 2 

wherein: 

R 1 is selected from straight chain C 4 to C lg alkylene; 
X is a group -A-B wherein: 
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A is selected from -NR 6 -, -COO-, -OCO-, -CONR 6 - 
and -NR 6 CO- wherein R 6 is hydrogen or methyl; 
and 

B is selected from monofunctional and 
polyfunctional protein, peptide, carbohydrate 
and lipid groups and derivatives thereof of 
molecular weight at least 5000 which are capable 
of eliciting an antigenic response; and 
R 2 to R 5 are independently selected from to 
C 3 alkyl. 

4. Antigenic ?AF analogues according to claim 2 or 
claim 3 wherein: 

R 1 selected from straight chain C 4 to C g alkylene; 

X is a group -A-B wherein: 

A is selected from -NH- and -COO- ; and 
B is selected from monofunctional and 
polyfunctional protein and peptide groups of 
molecular weight at least 10,000 which are 
capable of eliciting an antigenic response; and 

R 2 to R 5 are each methyl. 

5. Antigenic PAF analogues according to any one of 
claims 2 to 4 inclusive wherein: 

R 1 is hexylene; 
X is a group -A-B wherein: 
A is -NH-; and 

B is selected from a protein residue derived 
from bovine serum albumen and a peptide residue 
derived from poly lysine; and 



Labelled PAF analogues of general formula (I) 

R 2 C00^-C^H (I) 

° 

I " + 
CH 2 -0-P-0-CH 2 -CH 2 -NR 3 R 4 R 5 

o" 

wherein 

(1) R 1 is a C 2 to C 25 alkylene or alkenylene 
linking group substituted by radioactive iodine; 
X is hydrogen; or 

(2) R 1 is a C 2 to C 25 alkylene, alkenylene, or 
alkynylene linking group; 

X is a group of formula -A-B wherein: 

A is a linking group selected from -NR 6 -, 
R 6 CO-, 
i 

from hydrogen and to C g a3,kyl; 
B is a label; and 
R 2 to R 5 are independently selected from C 1 
to c fi alkyl. 

Labelled PAF analogues according to claim 6 wherein: 
R 1 is selected from straight chain C 4 to C 16 
alkylene; 

X is a group of formula -A-B wherein: 
A is selected from -NR 6 -, -COO, -0C0-, -CONR 6 - 
and -NR 6 CO- wherein R 6 is hydrogen or methyl; 
and 
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B is labelled group selected from: 

radiolabeled groups based on 125 I-histamine, 

125 I-tyramine, 12S l-tyrosine methyl ester 

and 12 ^[-Bolton Hunter Reagent; enzymic labels; and 

photometric labels; and 
2 5 

R to R are independently selected from c 1 to C 3 
alkyl. 

Compounds of general formula (I) which are 
intermediates for the preparation of PAF analogues 

CHjj-O-R^X 

(I) 



CH -o-P-O-CH, -CH, -NR R R 
2 | 2 2 

o" 



R 1 is a to alkylene, aikenylene or 

alkynylene linking group; and 

X is selected from the group consisting of formyl, 

carboxy, di(C x to C fi alkoxy) methyl, N-C^ to c g 

alkyl) amino, hydroxy and mercapto. 

Compounds according to claim 8 wherein: 

R 1 is selected from straight chain C 4 to C lg ; and 

X is selected from formyl, carboxy, dimethoxymethyl 

and hydroxy. 



A process for the preparation of compounds of general 
formula (I) which process comprises: 
(a) reacting; 

a compound of general formula (II) 

CHj-O-R^G 

R 2 COO*— C-^H 

CH 2 -OH 

wherein R 1 and R 2 herein before defined 
and G is selected from di(C 1 to C g alkoxy)- 
methyl and groups which may be reacted, to give 
a group selected from formyl, di(C 1 to C g 
alkoxy) methyl, carboxy, amino, N-C^ to c g 
alkylamino, NjN-di^ to C g alkyl) amino, hydroxy 
and mercapto; a phosphorylation agent; and 
an NrNjN-trifCj to c g al3cyl) ethanolamine 
derivative to give a compound of general formula 
(III) 

CH.-O-R 1 -^ 

R 2 C00»^-C«^H (III) 
0 
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(b) reacting the product of (a) to convert group G 
as hereinbefore defined to a group selected from 
formyl, dl^ to C g alkoxy) methyl, carboxy, 
amino, N-C^ to C fi alkylamine, NjN-difC^ to C g 
alkyl) amino, hydroxy and mercapto and to 
introduce the desired group X. 
11. Supported PAF analogues comprising: 
PAF analogues of general formula (I) 

CH 2 -0-R l -X 

R 2 COO^-C-^H I 

1 + 3 4 5 

CH 2 -0-g-0-CH 2 -CH 2 -NR J R % R :> 

wherein: 

(1) R 1 is a C 2 to C 25 alkylene or alkenylene linking 
group substituted by radioactive iodine; 

X is hydrogen; or, 

(2) R 1 is a C 2 to C 25 alkylene, alkenylene or alkynylene 
linking group optionally substituted by tritium or 
radioactive iodine; 

X is selected from: 

(a) the group consisting of formyl, di(C x to 
C g alkoxy) methyl, carboxy isothiocyanato, 
N-^ to C 6 alkylamino, NjN-dif^ to 
C g alkyl) amino, hydroxy and mercapto; and 



(b) the group - A-B wherein A is a linking 
group selected from the groups -NR 6 -, 
-C00-, -OC0-, =C0NR 6 ,-NR 6 CO-, 

-NH-CS-NH- and -S-S- wherein R 6 is 
selected from hydrogen and c 1 to c g 
alkyl? and 
B is a label; and 
R 2 to R 5 are independently selected from C 1 to C g 
alkyl; and a solid support material upon which said 
PAT analogues are covalently bound. 

12. PAF antibodies prepared using as antigen: 

(a) PAF adsorbed onto or non-covalently bound to a 
monofunctional or poly functional protein, 
peptide, carbohydrate, lipid or a derivative 
thereof of molecular weight at least 2000 and 
capable of eliciting an antigenic response; or 

(b) the antigenic PAF analogues of general formula 
(I) as defined according to any one of claims 2 
to 5 inclusive. 

13. PAF or antibodies prepared using as antigen an 
antigenic PAF analogue of general formula (I) as 
defined according to claim 4 or claim 5. 

14. A method for the preparation of PAF antibodies which 
method comprises: 

introducing an antigen selected from: 
(a) PAF adsorbed onto or non-covalently bound to a 
monofunctional or polyfunctional protein, 
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peptide, carbohydrate, lipid or a derivative 
thereof of molecular weight at least 2000 and 
capable of eliciting an antigenic response; and 
(b) the antigenic PAF analogues of general formula 
(I) as defined according to any one of claims 2 
to 5 inclusive; 
into an animal; and 

isolating the antibodies produced in response to 
said antigen. 

15. A method for the preparation of PAF antibodies which 
method comprises: 

introducing an antigen selected from the antigenic 
PAF analogues of general formula (I) as defined 
according to claim 4 or claim 5 into an animal; and 
isolating the antibodies produced in response to said 
antigen. 

16. PAF antibodies as defined according to claim 12 or 
claim*13 which have been labelled with a radioactive, 
enzymic or photometric label. 

17. PAF antibodies as defined according to claim 12 or 
claim 13 which are polyclonal. 

18. PAF antibodies as defined according to claim 12 or 
claim 13 which are monoclonal. 

19. A method for the immunoassay of PAF in biological 
fluids which method comprises using a PAF antibody as 1 
defined according to any one of claims 12, 13 and 16 
to 18 inclusive. 



20. A method for the Immunoassay of PAP in biological 
fluid wherein said biological fluid is diluted with a 
detergent before subjecting said biological fluid to 
immunoassay. 

21. A method according to claim 20 wherein, said detergent 
is a non-ionic detergent. 

22. A method according to claim 20 or 21 wherein said 
detergent is selected from the group consisting of: 
polyalkylene glycols; alcohol, phenol and alley lphenol 
alkoxylates; castor oil alkoxylates; the partial 
esters derived from long chain fatty acids and 
hexitol anhydrides and their alkoxylates; long chain 
alcohol polyglycol ether acetals; alcohol sugar 
acetals; and the lecithins. 

23. A kit for the immunoassay of PAF in biological fluid 
said kit comprising PAF antibodies as defined 
according to any one of claims 12, 13 and 16 to 18 
'inclusive. 

24. Compounds of general formula (I) according to any one 
of claims 1 to 9 inclusive substantially as herein 
described with reference to Examples 1 to 4. 

25. Method according to claim 10 for the preparation of 
compounds of general formula I substantially as 
herein described with reference to Examples l to 4. . 

26. PAF antibodies according to any one of claims 12, 13 
and 16 to 18 inclusive substantially as herein 
described with reference to Example 6. 
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27. Method according to claim 14 or claim 15 for the 
preparation of PAF-antibodies substantially as herein 
described with reference to Example 6. 

28. Method for the immunoassay of PAF in biological 
fluids according to any one of claims 19 to 22 
inclusive substantially as herein described with 
reference to Example 6 or Example 7. 
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THE DBGBADATIOH OF FLATEL2T-ACTI VAT1HG FACTOR Iff SERUM AJTO ITS 
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(Received 7.4.1988; accepted In revised form 28.9.1988 
by Editor H. Schroer) 



ABSTRACT. 

Platelet-activating factor <FAF) is transformed in vivo 
rapidly into th« biologically inactive lyso-PAF. This 
reaction ae veil as lipid parameters war. quantified in 
oorun from 40 survivors of myocardial infarction and 36 
healthy controls Batched for age and body weight. The 
PAF-de grading capacity wass 23% tp<0. 001> higher in 
patients compared with the control group. Using the 
degradation of PAF a© an univariate discriminator more 
than 70% of subjects were classified correctly. This is 
coaparable with the discriminatory value of the be«-t 
lipid variables, apalipoprotain B and HDV-ehol esterol . 
Statistically significant differences in the degrada- 
tion of PAF were found also by comparing subgroups 
which were Matched for plasma levels of total 
cholesterol, VLDL/LDL-cholewterol or apalipoprotain B. 
The ratio HDI^-choleSterol/degradatlon of PAF which is 
increased by 48 * <p<0. 0001) in the case group was 
identified as an additional good discriminator between 
both groups. In contrast, platelet aggregation testa 
which were performed in acetylsalicycllc acid treated 
platelet-rich plasma discriminated poorly between 
patients and controls. 



Key words: Platelet- Activating Factor, Lipoproteins, 
Platelet Function Taste, Atherosclerosis 



11/14/2006 16:46 FAX 301 907 6748 R EASEARCH AS SOCIATES 



0003 



530 DEGRADATION OF PAF IN HUMAN SERUM Vol . 52, No. 6 

TTrTRODPCTTQir 

Platelet-activating factor <FAF, l-0-alkyl~2-0-acetyl-Ear- 
g lyoero~3~phosphocholine5 is an extremely potBht lipid mediator 
CI] which is considered to be Involved in various inflammatory, 
respiratory, and cardiovascular disorders t23- 

The effects Of PAP are limited in vivo by a rapid removal of 
the 2-O-acetyl group [3]. This reaction is catalyzed by a FAF— 
specific acetylhydrolase C 43 which is found in various tissues 
and cells as well as in serum or plasaa. The plasmle PAF- 
acetyl hydrolase which has been purified recently C 51 is 
strongly bound. to lipoproteins £6-83 and has properties 
somewhat different from those Of the cellular enzyme I yj . 
Investigations on the uptake and degradation of PAF by 
individual lipoproteins revealed that the lipoproteins play a 
more complex role in the degradation of PAF than simply binding 
PAF- acetyl hydrolase C 10] . Moreover, we recently have shown, 
that the degradation of PAF in serum and plasma correlates 
highly significant with the lipoprotein profile C73 and is 
increased in patients suffering fron peripheral vascular 
disease [111. Abnormal high PAF-acetylhydrolase activities were 
found also in plasma of patients with familial LCAT deficiency 
C123 and a case of Tangier disease C 133 which is characterized 
by the virtual absence of high density lipoproteins. 

In view of these manifold relationships between the lipo- 
protein profile and the degradation of PAF and the well Jinown 
role of lipoproteins as Important risk factor for 
atherosclerosis C 141 , the present study was undertaken to 
establish whether serum FAF-acetylhydrolase is useful to 
discriminate between patients suffering from cardiovascular 
diseases and healthy subjects. 

For this purpose the degradation Of PAF and various lipid 
variables were measured in serum from survivors of myocardial 
infarction and an age- and body weight matched control group. 
Additionally, some functional parameters of platelets 
representing one of the target cells of PAP which play also an 
important role in atherogeaesis C 15J , were included in this 
study. 



MATERIALS ft HP HBIHBDS 
ni^oalii and reagentei. 1 "-C-PAF was prepared by reacting l-O- 
hexadecyl-cacrglycera-3-phospbocboline with 1 "-C-acetic anhy- 
dride <30, S MBq/mg, Isocommerz GmbH, Berlin, GKfO in anhydrous 
pyridine as described previously I 163 . The labelled compound 
was chrDmatographed on silica gel resulting in a radiopurity Of 
greater than 95ft. It was dissolved in alhumin-PBS (2.5 ng human 
serum albumin per ml Df phospbate-buf f ered saline, pH 7.4?, 
stared at -20 *C, and further diluted with albumin-PBS 
immediately before use. 

Huhi ecta; Two groups of male subjects, 40 patients with 
clinical evidence of atherosclerotic diseases and 3S age- and 
body weight-matched healthy subjects were included into this 
study. The case group was recruited from outpatients of the 
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Clinic of Internal Medicine of the Medical Academy of Erfurt 
and had survived a myocardial infarction at least one year 
before their en-try into this study. Myocardial infarction was 
documented "by specific criteria including electro cardiographic 
changes, elevated serum enzymes, and typical symptoms. The 
control group consisted of healthy volunteers Who had no fcnDwn 
history of symptoms of heart disease [ 17D . 

BlQPd__raittpl I rtg una pl a te l et preparation: Blood was always taken 
by venipuncture after an overnight fasting. Serum and heparin 
plasma were separated by centrif ugation and Stored frozen until 
further analysis. To prepare platelets, blood was collected 
into 0.1 volume citrate/ASA <0.11 mol/1 trisodiumcitrate / 0.5 
mmol/1 acetylsalicylic acid) and centrifuged for 10 min at 
200xg. The platelet-rich plasma <FRP> was aspirated, adjusted 
to 2. 5±o. 2xl0 a platelets/ml with autologous platelet-poor 
plasma <FPF> , and stared in tightly stoppered plastic tubes at 
roam temperature. FPF was obtained by centrif ugatinn of PRE for 
10 min at 14003eg. Aggregation tests were started SO min after 
blood collection. 

pAp-deg rt"" w ff ^pacritv; The degradation of PAF in serum was 
measured under standard conditions by a method similar to that 
described by BLAXK et al. [41. 50 ul serum dilution <1:19> were 
added to 0.5 ml of 11 uK '*C-FAF at a temperature of 37*C. 
After 5 and 10 min the reaction was terminated by transferring 
aliquots of 0,2 ml into 0.6 ml of ice-cold chloroform/ methanol 
<2/l,v/v>. The samples were mixed and then centrifuged at 
BOOOxg for 3 min. The upper phase was removed, washed with 
chloroform and finally the amount of 1 *C-acetate was assayed by 
liquid ssintillation counting. Mean values of four separate 
Incubations were used. 

Lj lplds and apnlipnprqrfcaiiis: Triglycerides and cholesterol were 
measured in heparin plasma by enzymatic methods using 
commercially available test fcits CBoehringer, Xannheim, FEG>. 
Cholesterol of the high density lipoproteins CHDL) was measured 
after precipitation of very low density lipoproteins <vli>L> and 
low density lipoproteins CLDL) with pbospbotungstate-HgCls:. 
VtDL/LDL-chalesterol and LDL-cholesterol were then calculated 
by difference and according to the formula of FRIEDEVALD C 1B1 , 
respectively. The apol ipoprotetns Capo) A- 1 and B were measured 
by immunonephelometric methods as described elsewhere t 19, 203. 
Platelet, fimctirm tnntsi Platelet aggregation was measured 
turbidimetrlcally according to BOFJI using a two-channel 

aggregometer, model ELVI 640 <Elvi Logos, jtiian, Italy). After 
calibration with FEF and PPP the aggregation was triggered by 
adding 20 ul solutions of PAF. ADP or collagen to 200 ul PEP at 
a cuvette temperature Of 37 *C and a constant stirring Speed of 
900 rpm. Platelet responses were measured as maximum increase 
in light transmission (&T) occurring within 1 and 3 min after 
adding the inducer. Additionally, ADP- and PAF-concentrations 
response curves were constructed »nd the concentration required 
to produce a half-maximum aggregation response <EC=<;.> was red 
by interpolation. ADP, PAF, and collagen were used in final 
concentrations of 0.5-15 uM, 0.02-10 uX, and 5 ug/ral, respec- 
tively. 
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Moreover, platelet responses were studied In whole blood . For 
this purpose anticoagulated blood was placed Into an 
aggregometer cuvette and stirred for 10 M±n. Aliquots were 
taken before and after stirring, transferred into ammonium 
oasaiata/xylocitin and counted for the number of single 
platelets by use of phase contrast microscopy, Spontaneous 
aggregation was expressed as the percentage loss of single 
platelets obtained after stirring. 

Statistical nnalysas: The variables of bath groups were tested 
for normal distribution using the KDZ-MOGOROV-SMIRXOV test. 
Statistical significances between group means were assessed by 
the two-tailed STUDENT'S t test and in dub case by the paired 
WILCOXOH" s rank test, Linear correlations were calculated to 
evaluate relationships between various parameters, Univariate 
discriminant analysis was performed by setting cut Off points 
according to the criterion of minimal apparent error rate 
representing the sutt Of falsely positive and falsely negative 
classified Individuals. 



•ftg gjTt.Tfi; 

Seventy six male subjects, 36 healthy volunteers and 40 
atherosclerotic patients were included in this study. The age 
of the controls was 53±5 years and that of the patients was 
52±7 years. Broca Index was 107*12% in both groups. The 
subjects of the control group did not take any drug for at 
least two weeks prior to blood sampling. Coronary and 
peripheral arterial diseases were excluded by physical 
examination as well as by electro cardiographlc examination 
during and after exercise. The patients had survived a 
myocardial infarction 1-18 years before their entry into this 
study and were administered with aspirin <7 oases) , calcium 
channel blockers <17 cases) and nitrovasodilators <1S oases) , 
They did not suffer from other diseases particularly essential 
hypertension and diabetes mellitus and were refrained from 
taking B-blockers 2 weeks prior to blood sampling. 

The first step of our analysis was to characterize the 
distribution and location of the biochemical parameters in the 
two groups. All variables were distributed normally and 
fulfilled the necessary conditions for the application of 
parametric statistical procedures. There was also a 
considerable overlapping of most variables for patients and 
controls. In spite of this fact, a comparison of the mean 
values revealed a series of significant differences between 
both groups (see Table 1). Thus, the degradation of PAF was 33TI 
higher in serum from the case group compared with the controls. 
Also the serum lipoprotein profile of the patients was 
characterized by the typical abnormalities. Concentrations of 
triglycerides, VLDL/LDL-cholesterol and apo B were significant- 
ly increased and those of H0L-cholesterol and apo A-I signifi- 
cantly lowered. The differences observed between both groups in 
total- and LDL-cholesteral were statistically not significant. 

To evaluate the discriminatory power of the various para- 
meters, cut-off points and apparent error rates were calculated 
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Csee also Table i). According to the criterion of minimi 
error rate, apo B, HDL-cholesterol , and the degradation of PAP 
were identified as the best discriminators between patients and 
controls. Using these variables as single parameters more than 
70% Of the subjects were classified correctly. Triglycerides, 
VLDL/LDL— cholesterol , and apo A-l which were also significantly 
different in bath group© resulted in higher error rates com- 
pared to the former variables. 



TABLE 1 

PAF- Degrading Capacity Cnmol/ml x min> , Lipids <mmcl/l> and 
Apolipoprotelns <g/l> of Hormal Subjects and Survivors 
of Hyacardial Infarction 



Faiuaeter 


Controls 

<K = 39> 


Patients 

CS = 4D> 


COP 


AER 


P 


Degradation of PAF 


31 . B±8 . 26 


39-0*7. 38 


33. 4 


29 


*** 


Total cholesterol 


6. 49±1- 30 


6,74*0.61 


6.53 


34 


n. s. 


HDL-cholesterol 


1. 45±0. 27 


1. 1S*0.26 


1.26 


29 


#** 


VXDL/LDL-choleeterol 


5. 04*1.39 


5.5540.77 


5. 13 


32 


» 


LDL-chol ester o 1 


4.34*1.27 


4. 55*0. 76 


4.3€> 


40 


n. s. 


Triglycerides 


1.5S±0.69 


2. 21*1. 09 


1.60 


34 


** 


Apo A— I 


117*16 


104*14 


108 


36 


*** 


Apo B 


96±29 


112*15 


103 


25 


** 


Means ± S,D. 


are shown. V 


- number of 


subj ects: 





COP - cut-off point; AER - apparent error rate; 
n.s. - not significant <p>0.05>; *p<0.05; 
*»p<0.01; ~" t * £ p<0. 001; 



The mean PAF-degrading capacity of serum from myocardial in- 
farction survivors was found to be significantly increased also 
in a comparison with that of controls who had identical serum 
levels of total cholesterol , VLDL/LDL-Qhole^terDl or apo S (see 
Table 25 . 

In addition to the degradation of PAF and some lipid 
parameters also the platelet aggregating behaviour was studied. 
To eliminate variations due to the medication of patients with 
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TATVT.B 2 

Degradation of PAF Cmaol/ml x mlo) in Serum from Survivors 
of Myocardial Infarction and Healthy Controls Hatched for 
Lipid Parameters 



Hatched Parameter 


I 


Controls 

ClCean*SD5 


Pat 1 ants 

CJtean±SD> 


P 


Total cholesterol 


IS 


32.0*7.3 


37.7*7, 4 


** 


VLDL/LDL-cholesterol 


15 


24.5*10 


37. 0*6.5 




LDL-caoloeterol 


18 


30.0*7.4 


38. 6*6.7 




HUL-cbolesterol 


15 


33 . &*8 . 4 


36-7*6.3 


a. s. 


Triglycerides 


20 


33. 2*6. 5 


37. B±B. 0 




Apo A- I 


15 


32,3*11 


37.7*6.2 




Apo B 


11 


33. 1*3.0 


40.4*6.4 


* 



Mean values ware compared by the paired V1LCDIDH rani sum test. 
S - number of pairs; n. s. - not significant <p>0.05>[ 
*p<0. 05; • »'*p<0. 01 



TA $ I.B g 

Platelet Aggregation in Plaema from Normal Subjects and 
Survivors of flyocardial Infarction 



Parameter 


Controls 

(S = 3S> 


Patients 

<E = 40> 


Signlfi- 


ADP [iT lwt r. (cm)] 


1.4*1.2 


1.7*1.0 




ADP CBC*» Cj«Ol/l)] 


2.5*1.4 


2. 0*0. 6 


p<0, 05 


PAF [6T,„ in (en)] 


3.4*1.7 


2.7*1.5 




PAF C EC t o Cfimol/'lJl 


O. 45*0. 4 


0.34*0.21 




Collagen CAT 3m in <ctt>] 


3.4*1.4 


3.7*1.6 


n, b. 


Spontaneous <.%> 


14.4*10.7 


12.2*3, 5 





Beans * S.D, are shown. 5 - number of subjects; 
n.s. - »ot significant Cp>0.05>; 
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ASA, these studies were performed with the use of ASA-treated 
platelets. Spontaneous aggregation in whole blood as well as 
the ADP-, PAP-. and collagen- induced aggregation responses were 
measured in FRP. As shown in Table 3, a Statistically 
Significant difference was only, obtained by comparing the ECtif 
values of the ADP-induced platelet aggregation. 

Linear correlation analysis of the measured parameters 
revealed a series of significant relationships between the 
degradation of PAF and the lipoprotein profil (see Table 4>, 
Thus, FAF-hydrolysis in the control group correlated positively 
with the concentrations of total cholesterol, VLDL/LDL- 
cholesterol. LPL-cfcolesterol, as well as apo B, There was also 
an inverse correlation between the level of HEL-cholesterol and 
the degradation of PAF. Sindlar but distinctly weaker 
relationships were found in the patients group. In contrast, 
there were no statistically significant correlations between 
any af the platelet function values and the degradation of PAF 
as well as any lipid parameter. 



Relationships Between the Degradation of PAF and 
Concentrations of Lipids and Apallpoproteins 



Linear cnrrelattp: 



Total cholesterol 

HDL-cbolesterol 

VLDL / LDL-chol esterol 

LI>L-cholesterol 

Triglycerides 

Apo A- I 

Apo B 



0.6652*** 
-0,4829** 
0, 7185*** 
0. 6891*** 
0.3751* 
-0.2233"'-' 
0. 4:924** 



0. 3353" 
-0. 2657" 
0.4487*' 
0. 2750" 
0. 253 1" 
-0. 1943~ 
0.2954" 



- not Significant <p>Q.05>: *p<0.05; **p<0.01; 

N - number of subjects 



Besides single parameters also some ratios nave been calcu- 
lated for each subject <See Table 5> . The well established 
quotients total-/HJ)L-cholesterol and apo B/apo A-l as well as 
the ratios PAF-degradation/HDL-cbolesteroi and PAF-degrada- 
tion/apa A-I were found to be significantly increased in the 
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patients group. Using the ratio PAF-degradation/HDL-cholesterol 
as discriminator, more than 73* of the subjects were classified, 
correctly. 



Total cholesterol 

4.63±1.5 5.65*1.2 4.90 22 *** 

HPL-cholaeterol 

Apo 8 

0.86±Q.2 1.1*0.2 0.85 25 *** 

Apo A- I 

Degradation of PAF 
HDL-choleeterol 

Degradation of PAF 

- — . ■ 0. 28*0. 1 O. 3B±0. 1 0.32 28 •»* 



COP - cut off point; AER - apparent error rate', 
»^*p<0. O001; » : "**p<Q. 00001 



33.2±9.2 34.43:10 28.0 26 **** 



PTSr.tTSRTnH 

It is generally accepted that alterations in serum lipid and 
lipoprotein values are correlated with atherosclerotic diseases 
t223. Increased serum concentrations Df total cholesterol , LDL- 
cholesterol, high blood triglycerides, and reduced levels of 
HDL are considered as important risk; factors for cardiovascular 
diseases t 143 . The present study demonstrates a series of 
Strong relationships between serum lipoproteins, degradation of 
PAF and tlie manifestation of coronary artery diseases. 

Considering the suggested role of PAP in the development of 
atherosclerosis £ 231 it seems quite surprising that the serum 
capacity ta inactivate this highly proinflammatory phospholipid 
is significantly increased in serum of patients suffering from 
coronary artery diseases. On the other hand, the degradation 
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of PAF is catalyzed tay a specific aeetylhydrolase [53 which is 
associated with various lipoprotein particles, in particular 
those containing the apo B [7,8]. In accordance with a previous 
study [7] a close relationship between the concentrations of 
lipids and apolipdproteine and the oopacity to degrade PAF was 
found in the Control group. At present we have no rational 
explanation for the markedly weaker relationships found in the 
patients group. But there is experimental evidence that the 
degradation of PAF depends not only on the ampunt of FAF- 
acetyl hydrolase hut also on its distribution between the 
various lipoprotein classes C 103 . Therefore, it seams probable 
that the increased degradation of PAF in serum from myocardial 
infarction survivors is attributable to differences in the 
composition of the lipoprotein particles, Such changes night 
influence the incorporation of PAF and/or the distribution of 
FAF-acetylhydrolase which are both known to affect the 
degradation of PAF in serum t 101 . Although there is no proof 
that the relationships between the degradation of PAF in serum 
and atherosclerosis are causative in nature there are some 
hints to a possible use of serum PAF-aeetylhydralaee as a risk 
indicator of atherosclerosis- 

Using the FAF-degrading capacity of serum as an univariate 
discriminator, it is proved to exert effects comparably in 
magnitude to those of the more commonly recognised factors of 
total cholesterol, HDL-cholesterol and the apo's A- 1 and B, 
This finding is supported also by two other studies including 
patients suffering from peripheral vascular diseases [113 and 
diabetes mellitws (unpublished results?. The group means of the 
degradation of PAF in serum wars also significantly different 
by comparing subgroups which were matched for plasma levels of 
total-cholesterol , VLDL/tDIj-cholesterol or ape B- Moreover, the 
quotient FAF-degradation/HDh-cbolesterol was identified as a 
good discriminator. These results point to an additional 
improvement for the discrimination between low and high risk 
groups by measuring the degradation qf FAF in serum, In spite 
of these results a final valuation Df the predictive value of 
FAF degradation in serum can be deduced only from a prospective 
clinical trial. 

Although platelet hyperreactivity is considered to play an 
important role in atherogenests 1243 we did only find a 
significant difference between patients and controls by 
comparing the ECao values of the ADP-induced platelet 
aggregation. Moreover, there were also no significant 
correlations between serum lipid concentrations and any of the 
platelet function values in both groups of subjects. There are 
conflicting reports with respect to altered platelet function 
associated with coronary artery diseases 125,263 as well as 
correlations between serum lipid levels and platelet reactivity 
127,283 v The reason for the discrepant findings may be related 
partly to methodical differences, or differences in the subject 
population groups. Considering our results, however, it has to 
be taken into account that the platelet Studies have been 
performed after blocking the eye lo oxygenase pathway by ASA 
which causes an interruption of the feedback amplification in 
platelet activation by prostaglandin and thromboxane synthesis 
[293, Additionally, the results nf our study nay be influenced 
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by platelet inhibitory effects of the calcium channel blockers 
and the nitrovasodilatore [303 ta&en by some patients. 

There was also no evidence for a relationship "between the 
platelet aggregation response towards PAF and its degradation 
in serum, suggesting that the interaction of PAF with platelets 
±n plasma C313 is not regulated by the PAF-degrading enzyme the 
FAF-acetyl hydrolase. 
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Antibodies Against Platelet- Activating Factor in Patients with 
Antiphospholipid Antibodies 

JORDI BARQTJTNERO, JOSEP ORDI-ROS, ALBERT SELVA, PILAR PEREZ-PEMAN, MQUEL VTLARDELL and 
MUNTHRR KHAMASHTA* 
Department of Internal Medicine, Hospital General Valle HehrAn, Barcelona, Spain; *Lupus Arthritis Research Unit, St. Thomas' Hospital, 
London, UK 

We have studied the specificity of antiphospholipid antibodies in 148 patients with autoimmune 
diseases, 120 patients with systemic lupus erythematosus and 28 with the primary antiphospholipid 
syndrome. In addition, 20 patients suffering from syphilis were studied. As a control group, 64 
healthy volunteers were investigated. Patient and control scrum samples were tested for binding to 
seven different phospholipid antigens by ELTSA. Interestingly, 90% of the Sera from syphilis 
patients and 6% of the autoimmune patients exhibited a significant binding to platelet-activating 
factor (PAR, a molecule similar to the structure of phosphatidylcholine. In addition, the IgG fraction 
from one of the lupus patients, which showed a high binding activity to PAF, was further affinity- 
purified using both liposomes and an affinity chromatography column, Preincubation of these 
antibodies with PAF inhibited subsequent binding to immobilized PAF. These observations might 
suggest a putative interaction of antiphospholipid autoantibodies with PAF 'in vivo', which may 
have, in some patients, important pathophysiological consequences. 

Key Words: Thrombosis Syphilis Antiphospholipid Platelet activating factor SLE 



Introduction 

Antiphospholipid antibodies from patients with autoim- 
mune diseases such as systemic lupus erythematosus (SLE) 
or the recently described primary antiphospholipid syn- 
drome (PAPS) 1 - 2 detected with irnmunoenzy malic methods, 
usually react only with negatively charged phospholipids 
such as cardiolipin (CL), pbosphatidic acid (PA), phosphati- 
dylinositol (PI) or phosphatidylserine (PS) 3,4 . Reactivity 
against zwitterionic phospholipids was reported in some 
patients 5 . Platelet-activating factor (PAF) is an ether- 
phospholipid with a molecular structure very similar to 
phosphatidylcholine; it has many biological functions 6 . In 
the early 1970s, this substance was initially found to be 
released by basophils during IgE-iuduced anaphylaxis 7 ' 5 
and subsequently also in patients with SLE 9 . It was 
identified as l-0-alkyl-2-acetyl-sn-glycero-3-phosphocho- 
linc 10,11 . It was also shown that many other types of cells 
could release PAF under certain situations. These include 
platelets, endothelial cells, neutrophils and 
macrophages 12,13 . 

The immunogerucity of PAF was first reported by 
Nishihira ei al. in 1984 14 . These authors produced antibodies 
that reacted in vitro against PAF by immunization of a mouse 
with this phospholipid. Later, other researchers confirmed the 
ability of PAF to induce a specific antibody response 15-17 . An 
irnmunoassay for the measurement of PAF levels was 
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developed by using specific antibodies 13 . More recently, the 
fine specificity of anti-PAF antibodies raised in immunized 
rabbits was studied by Cooney et at, 19 

Herein we report the results of our search for antibodies 
against PAF in patients with SLE, PAPS, syphilis and in 
normal blood donors. To study its binding specificities, we 
also affinity-purified the plasma sample with the highest 
anti-PAF activity in the ELlSA by using two different 
meihods: a liposome-based technique and a chromatog- 
raphy column coated with PAF. 



Patients and methods 

Patients 

One hundred and twenty patients who fulfilled the Amer- 
ican Rheumatism Association criteria for the classification 
of SLB 20 , 28 patients with PAPS, 40 patients with syphilis 
and 64 normal subject (20 blood donors and 44 healthy 
hospital workers) were included in this study. Plasma 
samples were obtained by centtifugation (3000 rpm) of 
citrated blood lor 20min, aliquoted and stored at -20'C 
until ready for use. The patient whose plasma was chosen 
for the anti-PAF purification was a 70-year-old woman who 
had suffered from SLE since 1956 and who had the 
following manifestations: polyarthritis, five unexplained 
fetal losses, thrombocytopenia, positive tests for antinuclear 
and anti-DNA antibodies, positive lupus anticoagulant test 
and lgM anticardiolipin (20 MPL). 
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EUSA Technique for anri-PAF 

The ELISA method used to detennine the presence of 
anticardiolipin (aCL) antibodies 21 was modified to detect, 
antibodies against PAF. Briefly, 30 pi of PAF (Sigma) 
(50(ig/ml) dissolved in methanol/chloroform (3:1) were 
added to each well in a microtiter plate and left overnight al 
4°C. The next steps were similar to those in the aCL ELISA 
and have been described elsewhere 21 . Positive reactions 
were compared with those obtained with the aCL im- 
munoassay and quantification was done using the inter- 
national units (GPL and MPL) used for aCL antibodies 21 . 
Non-specific binding was ruled out in all positive samples 
by running them in empty ELISA plates. 

Affinity purification of anti-PAF antibody 

Purification utilizing PAF liposomes Three ml of the 
patient's serum with the highest activity against PAF were 
mixed with 5 mg/ml PAF micelles prepared as described 
elsewhere 22 and incubated at 4°C overnight On the 
following day this mixture was cenlrifuged for Ih at 
15 000rpm'and the precipitate separated. This precipitate 
^ was washed with phosphate buffered saline (PBS) and the 

§ suspension centrifuged again at I5 000rpm for I h. This 

=f process was repeated twice. After the third wash the 
precipitate was resuspended in 1.5 M sodium iodide (Nal), 
vortex mixed and left to stand for 15 min. An equal volume 
of chloroform was then added, vortex mixed and allowed to 
stand and centrifuged again at 3000 rpm for 10 min. The 
aqueous layer that contained the affinity purified antibody 
was separated and diaTysed against PBS overnight. 

Chromatography column coated with PAF PAF (lOmg) 
(Sigma Chemical Co., St. Louis, MO) was mixed with 
50mg cholesterol (Sigma Chemical Co ) in a glass scintilla- 
tion vial .and evaporated under nitrogen as described 
elsewhere 23 . Ethanol (I ml) was added and the vial was 
capped, placed in boiling water and swirled until the lipids 
were dispersed. The vials were then removed and, after 
cooling, a 10 ml solution of 15% acrylamide, 5% BIS 
acrylamide (BIO RAD, Cambridge, MA) was added, 
followed immediately by addition of 100ui of ammonium 
persulfate (140 mg/ml) and 5 pi of TEMED. The mixture 
was transferred to a glass test tube, covered with parafjlm 
and aluminum foil and allowed to polymerize overnight at 
4°C. The rigid white gel was removed from the tube, rinsed 
with distilled water and minced with a razor blade. The gel 
was then homogenized using a hand operated loose fitting 
teflon pestle. The homogenized gel was washed three times 
in distilled water, allowing the gel to settle for 10 min and 
decanting the supernatant on each occasion. The settled gel 
particles were then assembled into a column (125 X 20 mm) 
and equilibrated with eight to ten bed volumes of PBS 
(0.01 M phosphalc/0.15MNaCl buffer), pH 7.3. Flow rates 



of 50-60 mJ/h were used with only moderate compaction of 
the relatively rigid gel particles. Elution of affinity purified 
immunoglobulin was performed according to the following 
protocol. After equilibration, 8 ml of patient plasma diluted 
1:4 in PBS at the same rate until absorbance of fractions at 
280 nm was <0.0l absorbance units. Then 30ml of eluting 
buffer, 0.1M phosphate/ O.SMNaCl buffer, P H 7.3 were 
applied to the column at 40-50 ml/h. The eiuale was 
collected in 2 ml fractions and optical density readings and 
anti-PAF activity (ELISA) were determined. These anti- 
PAF antibodies were tested against negatively charged and 
zwitterionic phospholipids. Some fractions were freeze- 
dried and reconstituted with smaller volumes of distiUed 
water as a means of concentrating them for lupus anticoagu- 
lant testing. 



Inhibiti 



studies 



Inhibition studies of the affinity-purified IgM anti-PAF 
antibody were performed by using a previously described 
method 211 . In brief, known amounts of the affinity-purified 
anti-PAF antibody diluted in PBS were incubated at 37°C 
overnight with increasing concentrations of PAF that ranged 
from 0. 1 25 to 1 mg/ml. Different dilutions of these mixtures 
were then tested in the ELISA assay against PAF. 

Coagulation studies 

The lupus anticoagulant (LA) activity was measured by the 
ability of 0.1 ml of the affinity-purified IgM anti-PAF to 
prolong the diluted tissue thromboplastin time when mixed 
with 0. 1 ml of normal plasma compared with the mixture of 
0.1ml of this plasma with 0.1 ml of Tris buffer, both 
measured after incubation at 37°C for 5 min. 



Results 

Anti-PAF activities of plasma samples 

Syphilis patients displayed an average binding activity 
higher than the mean of the normal plus five standard 
deviations (SD), this difference being highly significant 



Table 1 Number of anti-PAF antibody-positive patients in the 
different groups. 



Anri-PAF tgG 
Anri-PAF IgM 
AjhI-PAF IgG + IgM 
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Figure 1 Distribution of anti-PAF antibody levels in the different groups 
of patients. MPAFL, units for IgM: GPAFL, units for IgO; SLE, systemic 
lupus erythematosus-, PAPS, primary antipuospholipid syndrome. (■) IgM: 
(+) TgG. 



Fijrurt 2 Column chromatography affinity-purified or 

OD, optical density. ( ) aCL activity. ( 1 prol 

( ) aPAF activity. 



-PAF antibodies. 



compared with the control group (P < 0.01). The diffe 
between these groups and SLE and PAPS groups were not 
statistically significant, probably because of the heterogene- 
ity in the latter two groups. However, 10 Samples in the SLE 
group and five in the PAPS group showed high binding in 
the ELISA plates (Table I). We compared the GPL and MPL 
international units 23 with our optical density and created die 
PAF units' (GPAFL and MPAFL). 

In the group of normal blood donors, only one plasma 
demonstrated low IgM antj-PAF activity in the ELISA. 
Distribution of the anti-PAF antibodies levels of the four 
groups of patients are represented in Figure 1. 

Affinity purified anti-PAF 

Affinity purified anti-PAF had anti-PAF activity of 
20 MPAFL. When tested by an ELISA method against 
negatively charged phospholipids (PS, PA, PI, CL) and 
against 2witterionic phospholipids (phosphatidylcholine, 
sphingomyelin, phosphatidylethanolamine) this showed no 
crossreactivity. There were no differences between lipo- 
somes and chromatography column in the affinity purified 
anti-PAF. 

Inhibition studies 

The affmity-purified IgM anti-PAF antibody when mixed 
with increasing concentrations of PAF was progressively 
inhibited. Other phospholipids such as CL or phosphati- 
dylcholine were able to inhibit PAF binding activity, 
although PAF produced the highest inhibition compared 
with that achieved by two other phospholipids (data not 
shown). 

Coagulation studies 

Affinity-purified IgM anti-PAF antibody did not prolong the 
diluted tissue thromboplastin time when mixed with normal 



plasma compared with the mixture of this plasma with Tris 
buffer. 

Inhibition and coagulation studies with the anti-PAF 
obtained with chromatography column did not differ from 
the liposomes affinity purified anti-PAF. The anti-PAF 
activity of the purified fraction was moderate (20 MPAFL) 
and similar 10 the aCL activity of the serum (Figure 2.). 



Discussion 

In our study, most plasma samples from patients with 
syphilis had low levels of antibodies that bound to. PAF in 
vifrc when compared with those from normal blood donors. 
Sera from patients with aiuoimmune diseases also showed 
significant binding. Two of these patients had high serum 
levels. Only differences between syphilis and normal blood 
donors were significant (P < 0-01). 

Six of eight patients with autoimmune diseases (SLE and 
PAPS) that reached high positive values in the assay showed 
strong non-specific binding when tested in a plate without 
antigen. Only two sera showed high specific binding to PAF 
(IgM class). One of these patients had SLE with thrombotic 
manifestations and the other had autoimmune thrombocy- 
topenic purpura. Both patients also had IgM aCL. The anti- 
PAF activity, the absence of crossreactivity with other 
phospholipids and the results of the inhibition studies 
performed with the affinity-purified antibody demonstrated 
that at least some of the antibodies against PAF may be 
specific and exist in some autoimmune and infectious 
conditions. 

Although PAF binding specificities were previously 
reported by us and by other authors 25 " 27 , our study was the 
first one that specifically studied these antibodies in various 
human diseases. 

As most authors agree that anttphospholipid antibodies 
are heterogeneous. anti-PAF antibodies might represent a 
new specificity within this large family of autoantibodies. 
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A recent srudy showed that PAP may activate thrombo- 
lysis in response to soluble aggregates of immunoglobulin 
G 28 . Antibodies that block the action of PAF could then 
' inhibit fibrinolysis and promote thrombosis' 9 . 
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A specific radioimmunoassay (RIA) has been developed for platelet-activating factor (PAF) and shown 
to be sensitive over the range 10-1000 pg (0.02-2 pmol). The anti-PAF antibodies showed specificity for 
the acetyl group at the C2 position of the PAF molecule and exhibited no significant cross-reactivity with 
lyso-PAF or the naturally occurring lipids including lecithin and lysolecithin. The sensitivity of the RIA 
was at least as good as the platelet-based assays for PAF but the RIA was simpler to perform, had a higher 
capacity and did not have the drawback of the inherent variability associated with the bioassays. 



Keywords: Platelet-activating factor radioimmunoassay; Anti-platelet-activating factor; Platelet-activating factor; Quantitation of 
platelet-activating factor 



Introduction 

Platelet-activating factor (PAF) (l-O-alkyl-2- 
O-acetyl-sn-glycero-3-phosphocholine (Hanahan et 
al., 1980) is a potent biologically active phos- 
pholipid which induces platelet aggregation at 
concentrations as low as 0.1 nM. The biological 
actions of PAF are diverse and well-documented 
(Hanahan, 1986). Many cells and tissues are capa- 
ble of synthesizing and releasing PAF in response 
to specific stimuli (Snyder, 1985; Barnes et al., 
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1988). Because of its potency and diverse bioac- 
tions, PAF has been implicated in many diseases 
including asthma, anaphylaxis, allergy, septic 
shock, gastrointestinal ulceration, acute graft re- 
jection and certain kidney disorders (Braquet et 
al., 1987; Vargaftig and Braquet, 1987). However, 
unequivocal conclusions regarding the physiologi- 
cal role of PAF remain difficult whilst there are 
no precise assays available for its quantitation. 

Routine and precise quantitation of low levels 
of PAF in large numbers of samples by standard 
physicochemical techniques (Hanahan and Kumar, 
1987) is not a practical proposition. The most 
common methods used at the present time for the 
detection and measurement of PAF rely on the 
interaction of the mediator with platelets and 
measuring either the resultant aggregation or the 
release of tritiated serotonin (Hanahan and 
Weintraub, 1985). Although these methods are 
sensitive, they are not easy to perform and suffer 
from the inherent variability common to all bioas- 
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says. Moreover, in biological samples there may 
be substances other than PAF that induce activa- 
tion of platelets and other substances that inhibit 
the action of PAF on platelets. Consequently, it 
has been necessary to purify samples by chro- 
matography before analysis by bioassay (Hanahan 
and Weintraub, 1985). 

A simple and specific immunoassay for PAF 
should overcome most of these problems and per- 
mit both routine and accurate quantitation of this 
important lipid in large numbers of samples. Re- 
cently, anti-PAF antibodies with the required 
specificity have been produced in our laboratories 
(Smal et al, 1989) and have now been used in the 
development of simple PAF-specific radioim- 
munoassay (RIA) of the required sensitivity. 



Materials and methods 

Materials 

C 16 -PAF, C 18 -PAF and C 18 -dehydro-PAF were 
purchased from Bachem Feinchemikalien (Buben- 
dorf, Switzerland). Polyethylene glycol MW 6000 
and organic solvents were purchased from BDH 
Chemicals (Kilsyth, Vic, Australia) and Ajax 
Chemicals (Sydney, Australia) respectively. 1-pal- 
mitoyl-2-C>-acetyl-ra-glycero-3-phosphocholine 
was a gift from Dr A. Tokumura (University of 
Tokushima, Japan). All other lipids were pur- 
chased from the Sigma Chemical Co. (St. Louis, 
MO). The IgG fraction of donkey anti-sheep anti- 
serum was obtained from Silenus Laboratories, 
Melbourne, Australia. 125 I-labelled PAF was a kind 
gift from Dr J. Czarnecki, Silenus Laboratories. 

Antisera 

Ci 2 -PAF-methylated BSA was prepared as pre- 
viously described (Smal et al., 1989). Sheep re- 
ceived intramuscular injections of 1 mg of this 
antigen emulsified in Freund's complete adjuvant. 
1 month and 4 months after priming, the sheep 
were boosted with 1 mg of antigen in Freund's 
incomplete adjuvant and the animals were bled 11 
days after the last immunization. PAF-acetyl- 
hydrolase activity in the antiserum was destroyed 
by incubating serum (1 vol.) with 1 M acetic acid 
(1 vol.) for 6 h before adding 0.2 M phosphate 
buffer pH 7.2 (8 vols.). This solution was supple- 



mented with similarly deactivated normal sheep 
serum (NSS). 

Titre determination 

Initial experiments determined the optimal di- 
lutions of donkey anti-sheep Ig (Silenus Laborato- 
ries) and NSS required to give maximal precipita- 
tion of 125 I-PAF for a given level of anti-PAF. 
Anti-PAF antisera were titrated in 0.05 M sodium 
acetate pH 6.0 buffer containing 0.05% Tween 20 
and 0.1% sodium azide (AcT) and supplemented 
with NSS to give a fixed level of sheep serum. The 
diluted sera were assayed as described below, and 
the titres taken as the dilutions of the anti-PAF 
anti-sera which precipitated 40-50% of the total 
125 I-PAF. 

Extraction of saliva 

This was carried out according to the procedure 
of Bligh and Dyer (1959). Saliva (0.8 ml) was 
mixed with chloroform (1.0 ml) and methanol (2.0 
ml) and the mixture sonicated and vortexed exten- 
sively. Water (1.0 ml) and chloroform (1.0 ml) 
were added and, after vortexing, the mixture was 
centrifuged to achieve separation of the two 
phases. The lower chloroform phase was 
evaporated and the residue reconstituted in AcT 
buffer (0.8 ml). 

Radioimmunoassay procedure 

A PAF standard solution (0.1 mg/ml in aque- 
ous ethanol, consisting of equal parts C ]6 -PAF 
and C 18 -PAF) was diluted in AcT buffer to give 
standard solutions over the range 0.1-25 ng/ml. 
Acid-treated anti-PAF antiserum was used at a 
dilution of 1/8000 in acid-treated NSS 1/2000 in 
AcT. The donkey anti-sheep Ig was diluted 1 in 
250 in AcT buffer containing 6% polyethylene 
glycol and I25 I-PAF (2200 Ci/mmol, DuPont- 
NEN (NEK-062), Boston, MA) was added to give 
approx. 40,000 cpm per 100 pi. Into duplicate 
polystyrene RIA tubes (Disposable Products, 
Australia) were placed 100 jul of each of the 
following: sample or PAF standard solution, anti- 
PAF antiserum, and anti-sheep Ig/tracer. The B 0 
tubes contained no PAF, and the non-specific 
binding (NSB) tubes contained only the anti-sheep 
Ig and tracer solutions, with AcT buffer added in 
place of sample and anti-PAF. The tubes were 
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incubated at room temperature for 16 h, 4 ml AcT 
was added and the tubes were centrifuged at 1900 
X g for 25 min. After decanting the supernatants, 
the radioactivity remaining in the tubes was mea- 
sured and the percent of tracer bound to the 
precipitate (% B/B Q ) calculated from the formula 
(B - NSB)/(5 0 - NSB) X 100. The amount of 
PAF in the samples was determined from the 
standard curve obtained by plotting PAF con- 
centration against %B/B 0 . 

Inhibition studies 

Solutions of some commonly occurring lipids 
and selected PAF analogues were formulated in 
AcT buffer and were then tested in the RJA, 
replacing the PAF standard solutions. The effects 
of these compounds on the assay were calculated 
as %B/B 0 . 



Results 

Radioimmunoassay performance 

The percent of tracer bound to the antibody in 
the absence of PAF (5 0 ) ranged from 35 to 45%. 
However, as the labelled PAF aged, this gradually 
dropped to below 30%. Non-specific binding 
(NSB) was low, ranging from 1 to 2%. 

Since natural PAF is a mixture of various alkyl 
analogues, with C l6 and C 18 analogues generally 
predominating, the standard chosen for the RIA 
was an equimolar mixture of these two analogues. 
Bound 12 I-PAF could be displaced from the anti- 
body complex with increasing concentrations of 
standard PAF, generating a standard curve as 
shown in Fig. 1, The curve, which was linear over 
the range 0.5-10 ng/ml (50-1000 pg per tube), 
could be used to quantitate PAF from 25 pg (0.05 
pmol) to 2500 pg (5 pmol) per tube. Sensitivities 
down to 9 pg/tube were obtained in the present 
studies. In four separate assays using the same 
batch of tracer, the values for 50% inhibition were 
1.30, 1.40, 1.65 and 1.70 ng/ml. Generally, as the 
age of the tracer increased, these values also in- 



Fig. 1. A typical standard curve obtained for the PAF RIA 
using an equimolar mixture of C, 6 - and C 1S -PAF together with 
sheep anti-PAF and 125 I-PAF. 



using sdected analogues of PAF in the RIA. The 
results are shown in Fig. 2. C 16 -PAF proved to be 
the most reactive analogue, requiring 0.39 pmol 
for 50% displacement, whereas 0.48 pmol of C 18 - 
dehydro-PAF and 0.72 pmol of C 18 -PAF were 
required for 50% inhibition. 

The acyl analogue, l-palmitoyl-2-O-acetyl-j^- 
glycero-3-phosphocholine (1 -palmitoyl- AGPC), 
was poorly recognised by the antibodies and 87 
pmol of this compound were required to achieve 
33% inhibition. 

The commonly occurring lipids were also tested 
for their potential to inhibit the assay (Table I) at 
concentrations up to 20 ug/ml. No significant 
inhibition was observed with any of these com- 
pounds. 




Specificity 

The specificity of anti-PAF antibodies was de- 
termined by quantitative hapten inhibition studies 



Fig. 2. Recognition of PAF analogues by sheep anti-PAF in 
the PAF RIA. Inhibition curves obtained with C, 6 -PAF (o), 
C,,., (dehydro)-PAF (•), C 18 -PAF (□) and 1-palmitoyl-AGPC 
(■)• 
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TABLE I 

SPECIFICITY OF THE PAF RIA: EFFECTS OF COM- 
MON LIPIDS EXAMINED FOR INHIBITORY ACTIVITY 



Lipid 


B/B 0 (%) at 
20 jig/ml 


4 ng/ml 


Cholesteryl olcate 


102 


104 


Triolein 


101 


102 


Cholesterol 


96 


99 


Oleic acid 


100 


100 


Phosphatidyl ethanolamine 


96 


104 


Phosphatidyl serine 


103 


106 


Phosphatidyl inositol 


106 


102 


Phosphatidyl choline 


101 


103 


Sphingomyelin 


99 


103 


Lyso-phosphatidyl ethanolamine 


102 


105 


Lyso-phosphatidyl choline 


96 


103 


AcT buffer only 


100 


100 



Lyso-PAF, the primary metabolite of PAF, was 
tested for inhibitory potency at high and low 
concentrations. At less than 100 ng/ml no inhibi- 
tion was observed. At very high concentrations 
(0.8-100 /ig/ml), some displacement occurred. 
Cross-reactivity with the standard PAF mixture 
(inhibition within the range of 0.1-10 ng/ml) was 
1 in 40,000. 

Measurement of PAF in saliva by RIA 

The PAF level in a sample of human saliva was 
quantitated by RIA. Lipids were extracted using 
chlorofonn-methanol-water (Bligh and Dyer, 1959) 
in order to eliminate any effects due to the ad- 
sorption of PAF by particulate matter in saliva 
(Smal, Roche, Cooney and Baldo, unpublished). 



TABLE II 

QUANTITATION OF PAF IN HUMAN SALIVA EX- 
TRACT a BY RIA 



Dilution 


PAF concentratic 


)n (ng/ml) b 


No added PAF 


With added PAF 
2.5 ng/ml 


1 in 2 


1.6 


4.7 




0.83 


3.3 


1 in 8 


0.35 


3.0 



* Bligh-Dyer (chloroform-methanol-water) extract. 
b Average of duplicates 



The extracts were then tested at different dilutions 
and with added PAF in order to determine whether 
the assay was correctly determining PAF levels 
and whether the lipids caused any interference. 
The PAF levels recorded were found to be within 
the expected range (Table II). 



Discussion 

In an earlier study we demonstrated that rabbit 
antibodies to PAF could be produced following 
the injection of a C 12 -PAF analogue conjugated to 
methylated BSA (Smal et al„ 1989). These poly- 
clonal antibodies had the required specificity and 
initial attempts to develop a radioimmunoassay 
resulted in an assay similar to the one described 
here but with a sensitivity of 1 ng/ml. In an 
attempt to improve the sensitivity and ensure a 
continuity of supply of the antiserum, the PAF 
immunogen was injected into sheep. This resulted 
in the production of high titre, PAF-specific anti- 
sera suitable for RIA use. 

The procedure for the present assay is straight 
forward, requiring only the addition of four com- 
ponents. The PAF-anti-PAF complex is precipi- 
tated with a second-antibody and polyethylene 
glycol facilitates this. Moreover, the use of the 
gamma emitter 125 1-PAF as the trace results in 
excellent sensitivity; alternatively 3 H-PAF can be 
used instead but this leads to dirninished sensitiv- 
ity (results not shown). 

It has been shown that natural PAF is not a 
single molecular species, but a mixture of alkyl 
analogues, commonly C )g -PAF, C, 6 -PAF and 
C, B -dehydro-PAF (Mueller et aJ., 1984; Mallet 
and Cunningham, 1985; Ramesha and Pickett, 
1987). Recognition of these compounds by the 
antibodies was similar, although not identical. The 
PAF standard chosen for use in the RIA was an 
equimolar mixture of the C 16 - and C,„-PAF since 
this combination is probably adequate for most 
practical purposes. 

Once the distribution in tissues and fluids of 
the biologically similar but structurally different 
PAFs has been determined, it may become neces- 
sary in the future to use a specific combination of 
the different analogues when measuring PAF from 
a specific source. It has also been demonstrated 
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that acyl PAF analogues may be produced con- 
comitantly with alkyl PAF (Mueller et al., 1984; 
Satouchi et al., 1985; Tokumura et al., 1987) al- 
though the ratio of these two analogues is variable 
(ranging from 1:1 to 100 : 1) depending on the 
source. In the R1A, cross-reactivity with the acyl 
PAF is less than 1 /500, so very little acyl PAF is 
likely to be detected. 

The primary metabolite of PAF is lyso-PAF, 
which lacks the acetyl group and frequently occurs 
in tissues and fluids in much larger quantities than 
PAF (Pettipher et al., 1987; Prevost et al., 1988). 
The interaction of this substance with the anti-PAF 
antibodies is extremely weak and hence no cross- 
reactivity problems with lyso-PAF are envisaged. 
Further inhibition studies aimed at mapping the 
antibody combining sites in great detail have 
shown that there is a specific requirement for a 
short chain acyl group, particularly acetyl, at 
carbon-2 of the glycerol skeleton (Smal, Baldo and 
Harle, manuscript in preparation). 

Since most extracts of biological samples are 
likely to contain large quantities of commonly 
occurring natural lipids, such as cholesterol, phos- 
phatidyl choline, lyso-phosphatidyl choline etc. 
(see Table I), these substances were also tested in 
the R1A. No significant cross-reactivities were ob- 
served indicating that chromatographic purifica- 
tion of PAF is not necessary prior to examination 
in the RIA. Lipid extraction, however, is still 
desirable since it eliminates effects due to the 
non-homogeneity of biological samples and PAF- 
binding proteins such as albumin that may be 
present. Extraction is also useful in order to con- 
centrate the analyte in cases where normal PAF 
levels are too low to be measured. 

To test the applicability of the RIA, PAF levels 
in a sample of normal human saliva were quanti- 
fied. Saliva was chosen since it is reported that it 
contains PAF (Cox et al., 1981) and is readily 
obtainable. When quantified by platelet aggrega- 
tion following HPLC purification, PAF levels in 
saliva were found to. be very low (for example, 
< 2 pg/ml) (Wardlow, 1985). By RIA, we found 
the PAF content to be much higher (3.2 ng/ml). 
Studies are now being undertaken to determine 
salivary PAF levels in a larger population. There 
appears to be no interference when measuring 
saliva extracts by RIA since the expected values 



were obtained when the sample was diluted and 
when extra PAF was added. 

The sensitivities of the RIA and the platelet 
aggregation assay were found to be similar and 
these assays are both about ten times as sensitive 
as platelet degranulation procedures. The RIA 
offers the advantages of being reproducible and 
simple to perform, so that numerous samples can 
be processed at any one time. The platelet-based 
assays require a lengthy preparation time, are dif- 
ficult to standardise and generally only purified 
PAF should be used due to the possible presence 
in lipid extracts of potential agonists and/or in- 
hibitors of platelet aggregation. Accurate quantita- 
tion of PAF by this method is difficult because of 
the variable nature of the aggregation response. A 
recent improvement to platelet-based procedures 
has been the use of 3 H-PAF in radioreceptor 
binding assays, utilizing either whole canine 
platelets (Janero et al., 1988) or rabbit platelet 
membranes (Paulson and Nicholson, 1988). These 
assays are based on the displacement of tracer 
PAF from the PAF-receptor complex by cold PAF 
and offer increased reproducibility over the older 
methods. They do, however, suffer from the disad- 
vantage of high non-specific binding and have the 
potential for detecting substances other than PAF 
which bind to the receptor. The sensitivities of the 
receptor-based assays are similar to the RIA, rang- 
ing down to 10-20 pg. 

In summary, the assay described here should be 
applicable to a wide variety of biological samples. 
Since extraction (usually by the Bligh-Dyer 
method) is generally likely to be the only prepara- 
tion required, the procedure has a high capacity. 
Sensitivity is likely to be sufficient for most sam- 
ples and can also be increased by extraction. Using 
this assay it should be possible to examine rapidly 
large numbers of clinical samples such as blood, 
urine, saliva, sputum and various lavage fluids. 
Hence, a clearer understanding of the role of PAF 
in health and disease should emerge in the near 
future. 
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